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, German Consulate General, New York City. 

. Ann Arbor, Mich. 

. . . . 2716 Carson Street, Pittsburgh, Pa. 

. . , , Steelton, Dauphin Co , Pa 

. . , * . McKeesport, Pa 

* * , . . . Collinsville, Conn 

, , . . . Calumet, Mich. 

. . - . 54 CLfiT Street, New York City. 

. . . South Pueblo, Colorado. 

, , . . Marquette, Y cIi 

Wilkes-Barre, Pa* 
. . , , , . Calumet, Mich 

. Third and Walnut Streets, Philadelphia* 

. . . New Haven, Conn* 


=^TouYO, James B., * * * * . Phoenix Boll Works, Pittaburgh, Fa* 

f Yol^ig, Rpv Jesse B, , . * . . * . Altoona, Fa. 

Honora^ryj Members, 5, Members, 1009, Associates, 149; Foreign Members, 50 
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Haebir, Stephen, 
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Jfbneoan, j L, 

Jjbe, Washington, 
Likbenau, Charles von, 
Lord, John C, 

IrOBENZ, W, Ja,, 
McIntire, Henry M , , 
M acMartin, Abohibalb, 
Mickley, j W, . 
Moobf, Charles W,, . 

Kewton, Henry, 
Painter, Howard, 
Phelps, Walter, 
Pleasants, Henry, 
Bightek, C F , 

Eoiunson, Thomas W , 
SCHIRMEE, J F L , 
Steitz, Aijgostes, - 
St.John, I M, 
SxoELTiNG, Hermann, 
Thomas, David, * 

Wala, Isidob, 
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Wendel. Dr a., 
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ADOFTEI> JUT, 1S7S AMENDED MAT, iS75, HAY, 18T7, MAY, 187S, FEEEUAEl, im, 

and FEBEUAEY, mh 


L 

DBJECTa 

Thb objects of tlie American iNsriTtrrE of Mining- Enoineees are to promote 
the Ajts and Seienoes connected with the economical production of the useful min- 
erals and metals, and the welfare of those employed in these industries, by means 
of meetings for social intercourse, and the reading and discussion of professional 
papers, and to circulate, by means of publications among its members and associates, 
the information thusobtauied. 


IL 


EEEBIBSHIP. 

The Institute shall consist of Members, Honorary Members, and Associates. 
Members and Honorary Members shall be professional mining engineers, geologists, 
metalj^urgists, or chemists, or persons practically engaged in mining, metailurgy, or 
metallni^ical engineering. Associates shaD indude all suitable persons desirous of 
being connected with the Institute, and duly elects as hereanafter provided Each 
pei^on desirous of becoming a member or associate shall be proposed by at least 
thiee members or a^omates, approved by the Council, and efected by ballot at a 
i^ular meetmg upon receiving three-fourths of the votes cast, and shall become a 
member or associate on the payment of his irst dues. Each person proposed as an 
honorary member ahall be recommended by at least ten members or associates, ap- 
proved by the Council and elected by ballot at a regular meetmg on receiving nine- 
tenths of the votes csast ; Frmdedy, diat the number of honorary members shall not 
0X1^ twenty The Council may at any tune change the classificaUou of a person 
elected as associate, so as to make him a member, or vice subject to the ap- 
proval of the Institute All members and associates shall be ec[ualiy entitled to the 
privilege of membership, that honorary members shall not be entitled 

to vote or to be jnembers of the CounciL 

111 



XXXIV 


mjLES. 


An} member or associate mav be stricken from the Imton fecomtoendation of tlie 
Oouncilj. by the ^ote of three^fourths of the members and associates present at any 
aunuai meeting^ due notice having been mailed m trihing by the Secretary to the 
said member or a&iociate 


IIL 

BITES 

The dues of members and associates shall be ten dollars per annumj payable in 
advance at the annual meeting, JFVoridcd, that persons elected at the meeting fol- 
lowing the annual meeting shall pay eight dollars, and persons elected at the meet- 
ing: preceding the annual meeting shall pay four dollars as dues for the current } e<£r* 
Honorary membeis shall not be lubie to dues. Any member or associate may 
become, by the paj- merit of one hundred dollars at any one time, a life member or 
associate, and shall not be liable thereafter to annual dues Any anemDei or asso- 
ciate in arrears may, at the discretion of the Council, be depurei of the receipt, df 
publications, or stricken from the list of members when in arrears for one year , 
JPrcvided, that he may be restored to membershtp by the Council on payment of all 
arrears, cr by re-election aftei an intervai of three } ears 


IV- 

OEEIOSas. 

The afiaira of the Institute shall be managed by a Council consisting of a Fresi- 
dentj SIX ViCfe-Fresidents, nine Managers, a Secretarv and a Treasurer, who shall be 
elected from among the members and associates of the Institute at the anmiab 
meetings, to hold office as follows * 

The President, the Secretary,- and the Treasui^er for one year (and no person shall 
be eligible for immediate re-election as President who shall hare held that office 
subsequent to the adoption of these rules, for two consecutive years), the Vice-Presi- 
dents for two years, and the Managers for three years , and no Vice-President or 
Manager shall be eligible for immediate re-election to the same office at the expira- 
tion of the^term for which he was elected At each annual meeting a President, 
three Vice-Presidents, three Managers, a SeiJ^tary and a Treafitirer shall be elected, 
und the terra of office shall continue until the adjoumraent of the meeting at which 
^heir successors are elected 

The duties of all officers shall be such as usually pertain to their offices, or may- 
be delegated to them by the Council or the Institute, and the Council may in its 
discretion require bonds to be given by the Treasurer At ^ch annual meeting the 
Cottncil shall make a report of proceediuga to the Institute, together with a financial 
statement 

Vacancies in the Council may 'occur by death or resignation ; or the Council raay^ 
by a vote of the majoiitv of an its member^ declare the place of any officer vacant, 
on his ffiilnre for one year, from inability Oi otherwise, to attend the Council raeei* 
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XXXV 


ing© or ^rform the duties of Isis ofSce All vacancies sisall l>e SHed hy tbe appoiat- 
laaeatJ of the <krtmeil, and any person so appoiuted gh..^ll hold ofcce for the remainder 
of t3ie term for ^hich his predecessor was elected or appomted ^ Frtwidedf that the 
said appointment eball not render him ineligible at the nest annual meeting* 

Five members of the Cotinoil shall constitute a <|ooram : hut the CouncH may 
appoint an Hxeentive Committee, or business may be transacted at a regniarlv called 
meeting of the Councii, at which less than a quorum is present, subject to the ap- 
proval of a majori-ty of the Council, Rubsequend^ given in writing to the Secretary, 
and recorded by him with the miD utes 


V. 


SIECTXOHS 

The annual election shall be conducted at follo^Fs Nomm^tioas may be ^eut lili 
writing to the Secretary, accompanied i\ith the names of the proposers, at my tune 
not less than thirty days before the annual meeting , and the Secretary shall, nodt 
less than two Aeeks before the said meeting, mail to every member or associate (ex- 
cept honorary members j, a list of all the nonunations for each ofBce so received, 
stamped with the seal of the Institute, together with a copy of this rule, and the 
names of the persons ineligible for electicm to each office And each snemher or 
associate, qualified to vote, may vote, either by stnhmg from or adding to the names 
of the said list, leaving names not exceeding m number the officers to be elected, or 
by preiiaring a new list, signing said altered or prepared ballot with his name, and 
either mailing it to the Secretiurr or presenting it m person at the,knntial meeting 
I^ovidedy that no member or associate in arrears since the last annual meeting shall 
be allowed to vote until ihe said arrears shall have been paid The ballots shall be 
received and examined hr three Scrntineere, appointed at the annual meeting by 
the presiclmg officer j and the persons who shall have received the greatest number 
of votes for the several offices shall be declared elected, and the Scrutineers shall so 
report to the presiding officer The ballot^^ shall be cfestroyed, and a list of the 
elected officers, certified by the Scrutineers, aball be preserved by the Secretary, 

V 

VL 

The annual meeting of the In'i'titute shall take place on the third Tuesday of 
Febmaryt at which a report of the proceedings of the Institute- and an abstract of 
the accounts shall be fumiRhed by the Council Two other ‘regular meetings of the 
Institute ahjtll be held in each year, at such times and places as the Council shall 
select Special meeting® may be called whenever the Council sees fit , and the Sec- 
retary sh^ call a special meeting on a requibifion signed by fifteen or more mem- 
bers The notices for special meetings shall state the business to be transacted, and 
no other shall he enlerttuned 

Every question whidK shall come before aav meeting of the Institute, shall be 
decided, unl^ otherwise provided hy these Rules, by the votes of the mafority of 
the members then present The place of meeting shall be fixed in advance by the 
Lastittitc^ or in defiiult of such, deUinaJitiatioa, b\ the Council, and notice of all 
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BULBS. 


n^eetings shall be given hj mall, or otherwise, to all members and associatesj at least 
tweiity days in advance Any member or assoeiate may introduce a sti anger to any 
meeting , but the lattei shall not take part la the proceedings without the consent 
of the meeting 


VII 

PAFEBS, 

The Comicil shall have power to decade on the propriety of commumcating to the 
Institute any papers which may be received, and they shall be at liberty, when they 
think It desirable, to direct that any paper read before the Institute, shall be printed 
in the Transactions Intimatton, when practicable, shall be given, at each general 
meeting, of the subject of the paper or papers to be read, and of the c^uestioos for 
discussion at the nest meeting The reading of papers shall not be delayed beyond 
such hour ae the piesiding officer shall think proper , and the election of members 
or other business may be adjourned by the presiding officer, to permit the reading 
and discussion of papers. 

The copyright of all papers commanicated to, and accepted by, the Institute, shall 
be vested in it, unless otherwise agreed between the Council and the author. Th^ 
author of each paper read before the Institute shall be entitled to twelve copies, if 
printed, for his own usej and shall have the right to order any number of copies at 
the cost of paper and printing, provided said copies are not intended for sale The 
Institute IS not, as a body, responsible for the statements of fact or opinion advanccsd 
in papers or discussions at its meetings, and it is understood that papers and discus- 
sions should not include matters relating to polities or purely to trader 


VIII. 

AMSBBMESrXS, 

These Buies may be amended at any annual meeting by a two-thirds^ vote of the 
members present, provided that written %otice of the proposed amendment shall 
have been given at a previous meeting. 
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COMMITTEE OF AEEANGEME^fT^* 


Beneral Commitfm — J F Lewis^ Qammmont, "W Y& 

{hmmttiee o/ Rer^ption ui Staunton — Major Jed Hoteliki^s, Chan-r^an , W A 
Burke, M E Miller, E N Catlett, W J Nelson, J T EfSn£^er, D A kuyser 

Loml Q)mmtiiee of Arra^i^ementfi T %ViGkes, Low Moor, Chainnon, 
G W Bramweil, Stone Cliff, Secretary, J E Johnson, Longdtila, H Ftrnil 
stone, Longdate, S F. Morns, Quinminont, O A Eundall, Ferrol , WillUm 
N. Fiige, Aasted, F Lvman, Low Moor, S, M Buck, Coal burgh , L S Hutoh- 
ifison, Cannclton , M F Maury, Saltpetre Ca?e, 

The opening session of the Institute was held at Staunton^ on 

Monday evening, May 30 th, in the Opera House. Major Jad. 
Hotchkiss, Chairman of the Committee of Reception, called the meet- 
ing to order and introduced Mayor Balthis, who spoke a few words 
of welcome to the members present, and then introduced the Hon. 
A. H. H. Stuart. 

Mr. Stuart in addressing a formal welcome to the Institute to the 
“little city of the mountains,” spoke of the value of the sei vices of 
the mining engineer in developing the mineral wealth of Virginia 
and in solving the problems of her geological history. 

Mr. Metcalf, President of the Institute, replied on behalf of the 
Institute to the cordial welcome of the mayor and Mr. Stuart, and 
then read an inaugural address on Force. 

At the conclusion of the President’s address the following papers 
were read : 

The Electrolytic Determination of Copper and the Formation and 
Composition of sO-callod Aliotropic Copper, by J. B. Mackin- 
tosh, Hoboken, N. J. Reail by Professor Egleston. 

The Hew Unpublished Map of Chester County, Pa., by Professor 
Persifor Fraaer, Pluladelphia. 

The second session was held at the Opera House on Tuesday 
morning. The papers read at this session were : 

Investigations on the Ore Knob Copper Process, by Professor 
Thomas Egleston, School of Mines, Hew York city. 

A Volumetric Estimation of Manganese in Pig Iron and Steel, 
by F. H. Williams, Vulcan Steel Works, St. Louis, Mo. Read by 
the Secretary. 
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FROOEEDINOS OF THE VIRGiNIA MEETING. 


Manganese Detei minations in Steely by Willum of Pitts- 

burgh, Pa Read by the Secietary* 

The discir-bion of the subject of feteel railsj, begun at the Philadel- 
phia meetings was then resrraed. Consnmnicjattons from Professor 
Rich, A Icerman, of StfK'kholm^ Sweden, and C P Sandberg, of Lon- 
don,, were leaci and Di R W, Raymond and Dr, C. E. Dudley took 
part m the dL'-citssian, 

Tlie third session was held in the roonis of the Yoong Blends 
Christian Association on Tuesday afternocm The papers read 

Black-band Iron Ore in West Virginia, by S P Sharpies, Boston. 

The Rich Hill Iron Oies and the Falling CbC Zinc Mine by P* 
P. Dewey, Chattanooga, Tenn. 

GerstenhofePs Ammonia-Soda Proce->s, by O T Hmnricb, Dnfton, 
Pa- 

Yotcs on the Hard Splint Coal of the Kanawha Valley, by Stuart 
M. Buck, Coalbuigh, W. Va 

The fourth session was held on Thursday evening la the Masonic 
Hall 

Professor Frazer read a paper on Some Ores of the Middle James 
River, after which Major Hotchkiss gave a description of the topo- 
graphical features of the Shenandoah Valley- with especial reference 
to the trip to Luray on the following dav- 

A brilliant reception tendered by the citizens and ladies of Staun- 
ton, to the vifeitiiig members and their ladies, took place after the 
session on Tuesday evening, at the Deaf, Dumb, and Blind Insti- 
tution, the halls of which ’were tastefully decorated with flags and 
mottoeSj and the extensive grounds brilliantly illumiaated. Music 
by the Stonewall Jackson Band enlivened the oc^casioo, which con- 
cluded with supper, piepared under the supervision of the ladies of 
Staunton, 

The fifth and concluding session was held in the ballroom of the 
hotel at the White Sulphur Springs, West Virginia, on Thursday 
evening, June 2d. 

Owing to the fatigue of the members from the excursion of the 
day, and the lateness of the hour, the remamiirg papers on the li&t 
were read by title ‘ 

The Hydrometallurgy of Copper and its Separation from the 
PreeiQus Metals, by Dr. T. Sfcerry Hunt, Montreal, Canada 

The Foreign Substances in Iron and their Combinations, by F- 
L Kleinsdimidt, St. Lonis, Mo. 
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Xotes CD Gold Mill Constroction, by A* J. Bowie^ San Fran- 
eiseoj Cal 

Index to American Engineering Articles and Papers, foi 1880, by 
Professor H S Muaroe, New York city 
The New Webtmorelaod Shaft, by W P Little and T B Stearns, 
New York city 

Filtering in Industrial Operations, by P Barnes, Spiingfield, Ilk 
Ob ihe Solution of Pig Iron and Steel for the Determination of 
Phosphoios, by N H- Muhlenberg and T M. Drown, Easton, Pa 
Blast Furnace Hearths and Linings, by John Birkinbine, Phila- 
delphia. 

An Improved Mining Lamp, by Professor P. Frazer, Philadel- 
phia. 

An Anal} SIS of the Casualties in the Anthracite Coal Mines from 
1S71 to 1880, by Dt. H. M. Chance, Philadelphia 
The following persons, duly proposed and recommended by the 
Council, were unanimoosly elected members and associates of the 
Institute. 


MEMBEES. 


H G Blackwell, 


Bocky Mount, Y 

Willi atii M Bowron, 


Shenandonh Iron "Works, Ya 

Bobert Bngg^, 


Philadelphia, Pa 

George M BnnkerhoiT 


Springfield, III 

Charles Brock, 


Manhattan ville, New York City 

George Brooke, 


Birdsboro*, Pa 

Edward L Brown, 


New York City. 

J Stuart Brown, 


Pittsburgh, Pa 

Wilham H Brown, . 


Philadelphia 

A J Charleton, 


Marmora, Canada. 

Yerplanck CoWin, 


Albany, N Y 

Balph Crooker, ^d, 


South FueWo, Colo 

George B Cummings, 


Marquette, Mich 

WiUiam J Donaldson, 


Philadelphia, Pa 

Alfred Earn2>baw, 


Philadelphia, Pa. 

■Winiam H Hackett, 


CartersviHe, Ca, 

Maurice Healy, , 


Dunbar, Pa 

Edward E Howe, 


Leadville, Colo 

William Irving, 

« 

Chicago, HI 

"Walter N Johnson, . 


Buchanan, Ya. 

WBbam Joihfo, 

• 

Buchanan, Ya 

John Kean, Jr , 


Elizabeth, N . J. 

FVank King, 

* 

Van Boren Furnace, Ya» 

F. I/. Klmnsohmidt, 

• 

St. Louis, Mo 

J* Kmg MeLanal»an> 

* 

Hollida3nsbarjg, Pa. 



PBOOEBDIHOS OF THIS TIBGIHIA mEJSTXJfe 


B, L, Martm^ * 

S Prifl© 3Iautj» 
Jc^hnW Maj^weB, 
Horaoo B MilUr, 

E B FeterSj Ju , 

F Prince, 

J Wesley PnlSmtiri, 
James 

J^hn W Sm'th,* 

W I)D?3ght Smith, 

F Allen StocktorSj 
Alexander BtrausZj 
H A. Strode, 

Myron H Strong, 
Percy vale TaylCr, 
William Phombnsfen, 
Lmwood O Towne, 
William H. Wiley, 

H L Wells, . 
Charles P W^urts, 


Fidrchanocj Pa» 
Ki^hmoild, Va 
Syraeu-'C, N Y* 

Kew York City 
Copperas Hilt, Vt 
Amlenncd, Pa 
Fbilade-lphia Fa 
xiUootm, 1^1 
gynfieu^e, K Y 
Trenton, N J 
Kivei’nlle, Ya 
Bafccooiu W. Ya 
Amherst Court-house, Ya, 
Yonkers, T 
Bmtol, England 
South Pittsburg, Toun. 
Kewtoiiville, Mass, 
iXew York City 
South Pueblo, Colo, 

Kow Haven, Conn, 


ASSOCIATES. 


George A achy, * 
Philip E Ch&zali 
Thomas P Cooant, . 
Thomas Dunlap, « 
E. Bard Grubb, . « 

Charles C Hewitt, 
Cooper Hewitt, * 
Willaid P LUtle, « 
Joseph S Ludlaiiij 
N H. Muhlenberg, . 
E A O^tUout, . . 

Giarenco Q Payne, * 
Ferdinand Sands, 
William A Shumway, 
Thom is B Stearns, 
B^mald B Toucey, 
Howard A Tan Tassel, 
W. George Waring, . 
Etheibort Watts, 


Pottstown, Pa. 

Atlanta, G» 

Copper Palia, Kick 
Amherst Court-house, Va, 
Beverly, H J, 

Trenton, K J, 

Bow York City- 
Bow York City 
liowell, MaSis 
Beading, Pa 
New York City 
Stamford, Conn. 

New York City. 

Ne-w York City 
Brooklyn, N Y. 

Nw York City. 
Houghton, Mich. 

Denwv, Colo. 

VetCa, Ptt. 


TIic status of Mr. John Markle^ of Jeddo^ fa., was changed 
from associate to member. 

Professor Persifor Frazer made a statement with r^rd to a cah- 
lection of gpeeimeias connected with the Ifew York obelisk, wbioh 
had bean presented to the Institute by Lieutenant-Commander Gor- 
ringe^ and offered the followii^ resolution, which was anattimoiisly 
adopied : 
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Tbat t!ae iBslitule offers *t?5»ncerft thanks LwAiimmnl CymiXsj^nclHr 
H Gorrm^e, Unitf'd SUite« Nm’^ for tie gitt to ths; IfAlitmo ot tn? vcrj 
fntorostiug Bcr ee of Gcnnectt,d ’Writti the obeh^k i^buint bo u' 

tbo Central Pfirk, New TorkOH^^ erd tbjtt tbe Speru'trr be In^tniUed to w|i- 
vey to Lieu^enant-Cot^tms^nd^^r G>rringp iho a^sarsLto ihai Ihi^ is bigblj^ 
apprecliitedj hbcI tlut the c/bjcci» wiil bo watchfully ci‘rwl foj- 

A resolution was iben offered fxprasj-ing liie Uiauk® of the mem* 
bers for the courtesies and hospitality received from the Sbepaudoah 
Valley, the Chesapeake and Ohio, and the Eicliftiond and Allegheny 
railroads, to the citizens and lathes of Stauiitoo, the Low Moor Iron 
Company, the Loogdale Iron Company, the Ansknl Coal Company, 
the FennsyH’'aiiia and Virginia Iron and Coal Carapany, and to 
Messrs Le^vis, Hotchkiss, and Wickes, and their associates on the 
Committee of Arrangements, The meeting was then dedare<l ad- 
journed* 

EXCtJBSIOXS. 

On Wednesday morning, June lot, a trip was made hy special 
train, provided by the Shenandoah Valley Railroad, to Liiray Cave, 
which, by the courtesy of the railroad company, was bnlHantly 
illummated with thousands of candies. After a visit of several 
houi^ in the cave, the party returned to Staunton, On the way to 
Luray a stop was made at the Slienandoah Iron Works, where 
iron blooms are made from pig iron by means of the run-out hre 
and charcoal fo^ca. 

The Chesapeake and Ohio Railway kindly offered the Institute n 
special train over its road for three clays. On Thursday morning the 
party leaving Staunton started W4^%vard on its tour of inspection* 
The Grace Tanjace of the Pennsylvania and Virguna Coal and Iron 
Company, at Ferrol, was first vnited. The next stop was at the 
junction of the narrow gauge road of the Longclale Iron Company 
(Messrs. Pirmstone, Pardee & Co.), on which the party was earned 
Seven miles to the furnaces, where the ladies alighted to enjoy the 
hospitality of Mns. J. E. Johnson, and thence four and a half miles 
to the ore banks, under the guidance of Messrs. H. Firmstone and 
J, E, Johnson. On returning, a shoit time was allowed for mspec- 
iiou of the furnaces and machinery. The works and mines of the 
Low Moor Iron Company, Mr. George T. Wiakos, Manager, were 
next visited, and the party was here charmingly entertained at dia* 
ner by Mr. and Mrs. Wick^. Early in the evening the train reached 
WIiita Sulphur Springs, where the large hotel was oponed for the 
reaoptioD of the members of the Institute, in advance of the mguUr 
season, by Colonel George L, Poyton. 
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FROCBEMKGS OF THB VIRGINIA MBBTING 


An early start was made on Fnday moraing for a visit tiirongh tlie 
t%e pieturesque canon of the New Ei^^er to the coal fields at Hawk^s 
Best, tmd thence to Coalburgh, on the Kanawha, Stops were made 
at Cimnnimonty where the PennibylvaEja and Virginia Coal and Iron 
Company has a coke furnace, under the management of Mr J. 
LewiSj axid at the coal mines* and coking ovens at Stone Cliff, IT ire 
Creek, Sewall, Nuttallbiirgh. At Hawk & Best the pai ty were taken 
m coal cal'? on a nairow gauge road to the coal mines,, a distance of 
four miles* up a picturesque gorge. Hunch was heie served in a 
grove, which added an aildinonal pleasui'e to the charming incidents 
of the day. The lateness of the hour did not allow of the inspection 
of Mr S. M, Buck’s work at Coalburgii, and the train after reaching 
this point leturned to 'White Sulphur Springs 

On Saturday a tup was made to the Natural Bridge. The journey 
was over the Chesapeake and Ohio Hail way to Williamsons, and 
thence over the new Richmond und Allegheny Railr^d to a ^jtatioii 
a,ifew miles distant from the bridge, where carriages were m waiting. 
After an hour or two had been devoted to inspecting the bridgOj 
and the party had dined as ga^ts of the railroad company. Colonel 
H. C Parsons, by reque&t, gave an account of the construction of the 
R & A R E,, the country it was intended to develop, and Ihe connec* 
tiojDS which would ultimately be effected. Vice-President Fiazcr 
responded on behalf of tlie Institute and expressed the thanks of the 
members present for the kind reception and generous hospitality that 
had been extended to them A delightful senes of excursions was 
thus concluded and the paity broke up, some going East and others 
returning to White Sulphur Springs to spend Sunday. ^ 
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Wet processes fur tlie estraction of copper from its ores have of 
lato attracted much alteation, especially in Europe, where the oto 
of oapnferous iron-pyrites as a source of sulphur prevails. These 
processes present an additional interest, when, as is often the case, 
the copper-ores to be treated contain one or both of the precious 
metals, since the complete separation of these from copper, either in 
the dry or the moist way, is, as is well known, one of tlie difficult 
problems of metallurgy. The principal wet pi oeesses hitherto in 
use for the extraction of copper from its ores may be included under 
three classes ; 

I. Those in which the copper in sulphnretted ores is rendered 
soluble in water by calcining them, after a preliminary roasting 
which removes the greater part of their sulphur, with a portion of 
common salt, by which the copper is converted into a chloride (Long- 
maid and Henderson), or with sulphate of soda, by which snlphato 
of copper is formed (Monnier). Allied to these is the method by 
■which a portion of the copper is got as soluble sulphate by roasting 
without addition, a process which is sometimes modified and rendered 
more complete by re-roasting the lixiviated residues with the addition 
of a portion of raw sulphuretted ore (Bankart). 

II, Those methods in which free chlorhydric or sulphuric aeid is 
used to dissolve the copper from oxidized or roasted ores. These, 
while simple and efficient, are too costly, except in certain localities 
where chlorhydric acid is a waste product. Belated to them is the 
plan which consists in exposing the oxidized and moistened ores to 
the slow action of sulphurous acid mixed with air, by which a 
Soluble sulphate of copper is formed. It has been proposed to de- 
compose the solutions of sulphate or chloride of copper by sulphu- 
r«tt^ hydrogen, thus separating the copper as sulphide, and using 
the liberated acid to dissolve fresh portions of oxidized copper It 
is, however, the almost universal practice to throw down the copper 
from its solutions, however obtained, in the metallic state by the u*e 
of iron, eitiier scrap-iron or iron-sponge; although in some instaifccs 
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milk uf Inne lias been used m z precipitant^ by which oxide of eopper 
IS produced. 

iir. The method ui which a hot solmion of ferrous chloiidei with 
common «alt, is u^cd to chloridiEe tiic oxidized co[ipei and convert 
It into a miTtiire of eiipncand cnprons chloride;:^, which latter^ though 
neaih iiBoluble in water, dissoh-ed by help of the cbloiide of 
^odulm. Fiom tins fooiut'on the copper is piecipiUted by metallic 
iroBj theieby leproduciiig iho ferroub chloride, ami regenerating the 
solvent, tm advantage which this process possesses over any other 
ihal gncs the copper m the metalhe form. Tins, woieh is known 
m the Hunt and Booglas method, may » ai many cases, be used with 
advantage for the treatment of low-grade copper ores, aud^ as the 
neotial solvent does not dissolve either arsenic oi antimony, enables 
fine copper to he got directly from ores holding these impurities.'^ 

When, however, it is applied to the treatment of copper-ores con- 
taimng silver, the use of the bath of ferrous chloride and chloride of 
sodium has, in common with the method of roasting with salt, the 
disadvantage that it coiivurtb the silver into a chloride which is 
soluble in a strong solution of chloride of sod mm and is then with 
difficulty separated from the chlorides of copper. The separation of 
silver and copper, when dissolved together in the state of ohhmdes, 
has gieatlv exercii^ed the mgenuity of metallurgical chemists from 
life importance m oonneotion with the treatment of Spanish and 
Portuguese pyntesr, now so extensively uj^ed in Great Britain as a 
-uurce of sulphur, where the consumption m 1877 amounted to 
600,000 tons These ores contain on an average about forty-mne 
per cent of sulphur aod two or three per cent of copper, with a 
little Sliver, equal, according to Oaudct, to from twenty to twenty- 
eight grams fo the tan of ore, and traces of gold. The residues 
after calcination still retain three or four per cent of sulphur and 
about four per cent of copper, with sixty per cent or more of iron, 
ehie% as peroxide. This material, after having been a^in calemcd 
tor some hours at a low heat in a reverberatery with about fifteen per 
cent* of eoraixron salt (or, as ax Oker ui Gennany,with crudo chloride 
of pota&toium), gives up to water acidulated with a little chlorhydnc 

* The hydroa? silicate of copper fchrysccolla) is, like the carbonates of capper, 
completely decomposed by a hot solution of ferrouS' chloride with oomnaon salt 
An account of the application of this method to the treatraeni of a crystallme 
hydrous .silicate of alaminiL, magnesia, and copper (which is essentially a coppei- 
chlorite, and has been described by the writer as a new species under the name 
of venentej, will ba found an the Transactions of the American Instftute of 
Hitiing Engineers, vol. iv, p 328. 
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acid its sulphur as sulphate of soda^ and it^ copper and silver as 
chlofide"- togedier a coosideiable excess of eomoioo sa!t^ leaving 
behind a nearly pure peroxide of iron with not over two thousandths 
of copper. A mi on to portion of gold, which was converted into 
aurous chloride dunug the roasting, is also prebcnt in the solution*-^ 
The lixivium, in ao example given by Claudet, had a B^KiCific gravity 
of L24 and held in a met^-eube, besides 144 0 kilograms of sol- 
phate of soda^ 64.0 of chloride of sodium, and 52 8 of copper, as pro- 
tochlonde, besides small portions of rinc and iron, v,ith a little lead, 
and 44 grains of silver. The above details of the salt-rossting pro- 
cess, which have often been published, are here repeated in order to 
f>rmg more dearly before ns the problem of separating the silver 
from the copper. 

Various plans have been suggested for extracting fiom such solu- 
tions as the above the dissolved silver before throwing down the 
copper by metallic iron. It has been proposed to precipitate the 
silver by finely-divided metallic copper, as is done in the Augustin 
process from solutions of chloride of sodium holding only dissolved 
silver-ehloride; but, since metallic copper at once converts proto- 
chlonde into dichloride of copper, it beoonxes necessary, as a prelimi- 
nary to the precipitation of the silver by this means, that the whole 
of the copper m the solution should first be bnmght into the latter 
condition* This may be eifected by treating the hot solution with 
sulpburons acid, or by filtering it, at a temperature near the boilmg- 
point, through a layer of eoarsely-grouud ^xipper matte, or of vitreous 
or purple copper ore, from which, as I liave found, a second equiva- 
lent of copper IS taken up From solutions holding the whole of 
the copper as clichlonde, the Silver may be readily thrown down in 
the metallic state by fiiteung them through a layer of finely-divided 
metailia copper ; but, inasmuch as the dichlonde requires to hold it 
m soiutiDii, a great voJtime of hot concentrated bnne,t this metlitKi 


^ Flattnor, as is well known ^ showed thatgo?d,hke silver, is chloridisad when 
pyntous ores containing it arc roasted at a low red heat with coraman salt, 
an aurou* chloride being apparently found, winch, in the presence of chloride of 
sodmm^ has a considerable degree of stabditv, though it is decomposed at higher 
temperatures This chloride ©f gold is insoluble in water, and, unlike chloride of 
Silver, la not decomposed bj tnercary It Is but slightly soluble in brine, though 
readilv dissolved by a solution of hyposulphite of soda or lime A process^jiro- 
posed by Kue for the simultaneous extraction of silver and gold frem pyrjtous 
ore® IS based on these reactions 

"I 100 ce of asolution holding l& 0 grams of chloride of eodiuiii, dissolve at 90^ 
C,100granis at 40*, 6 0 grams , and at 115, 3 5 gram*! of cuprous chloride; while 
100 cc of a solution holding 6 0 grams of chloride of sodium, dissolve at W 
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of ^epamting silver from solutions contaiuing a consiJemble amount 
of copper IS not in all cases practicable* 

Among the plans which have been proposed for the separation of 
the silver from these saline solutions are those based on fractional 
precipitation* This is effected, as at Oker, hy the use of bulphlclo 
of sodium; or better, by diluted sulphuretted hydrogen gas, as 
got by the action of air mixed with carbonic add on the waste cal- 
cium-siitphide from Leblanc’s soda-piDcess* In the latter case* the 
wliole of the silver fe, accoiding to Gibbs, carried down with 
the first six per cent* of the ooppcT* Snelus blows finely-'divided 
nietallio iron into the solution, and finds the first twenty per cent, 
of copper thus precipitated holds four-fifths of the silver. Foi the 
extracbon of the silver from the mixed sulphides it sufiSces to con- 
vert the silver into a sulphate, as in the Ziervogel process. For tfao 
separation of silver from precipitated copper, L A* ^Phillips, by a 
process patented in 1877, makes the material into a paste with water 
and a mixture of common vSalt and carbonate of soda j and, after 
calcination in a reverbeiatory, gets the silver m the forna of chloriclo> 
which is dissolved out by brine from the oxidized copper. 

The solvent power of solutions of chloride of sodium for chloride 
of silver is diminished by dilution, and upon this fact, apparently, is 
based a process for the separation of silver, patented m 1877 in Great 
Britain by Jardine & Chadwick, which consists in diluting the strong 
lixivium from the salt-roasted ore to about specific gravity 1.10 — 
1*12, aud adding thereto, in the form of a dilute solution, about 
half a pound of acetate of lead to the ton of liquid. The precipi- 
tate, which after a time separates, consisting, la large part, of sulphate 
of lead, carries with it a portion of chloride of silver, and, it is said, 
a trace of gold* 

The most elegant method for the separation of silver from these 
mixed solutions is, however, that patented by Claudet, and exten- 
sively applied in Great Britain It depends on the almost complete 
insolttbliity of iodide of silver in solutions of chloride of sodium, and 
consists in adding to the lixivium, in which the proportion of dis- 
solved silver has previously been determined, a dilute solution of a 


2.6 grama, &ad at 40®, 1 4 grams of cuprous cbbnde This substance, coi>trary to 
the received statements, is not quite insoluble in water When tbe cuprous 
olilonde is boiled with distilled water an amount equal to about 1 3S grams tq a 
liter passes into solution, and is la part thrown down on cooling m a white crys 
tallino form j Iho solution, at 14® 0 , suit retaining nbont 0*90 grams to the 
liter. The above number^ are only apjwoximatiene* 
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soluble itxiide ji'st siufficieut in amount to* convert the vvhuk of the 
silver into iodide of silver. The precipitate, which sepmttH after 
fony-eight hours of repose, is washed with dilute chlorhydrio acid 
to remove adherent copper-salts, and then (X)nsi8bs chiefly of a 
tnixtiireof sulphate of lead with iodide of silver, which is ^uced 
by metallic ^inc, the iodine being thus raxivered for further use. 
Treated in this manner, the calcined Spanish ores yield for each ton 
20 grams of silver containing l.fi per cent of gold, amounting, ac- 
cording to Tjunge, to about two-thirds the entire amount of precious 
metals contained in the oi^ The presence of dichloride of cop{>er 
En the solution interferes, bv the production of a cuprous ioflide, with 
the separation of the silver as iodide ; and hence the calcination of 
the ores with salt must be so conducted as to give the copper in the 
condition of protochloride.* 

The extraction of copper from its ores by roasting wdth ssalt is 
limited to pyritoas ores poor in copper, which yield, by their pre- 
viou-s calcination, a large proportion of peroxide of iron ; the pres- 
ence of this being necessary to the ei^tiial chloridizingof the copper 
in the furnace. Wheu applied to richer ores this method fails to 
render the whole of the copper soluble, for reasons which are made 
apparent by the investigations of Mr. Thomas Macferlane, described 
by him in 1S65. He found that while copper-ores, such as ohaleo- 
pynte and bornite, when calcined with salt, cither alone or with an 
admixture of pulverized quartz, yield but a small portion of their 
copper in the form of soluble chloride, such a mixture of ore and 
salt, with tw ice its weight of peroxide of iron, and a little pyrites to 
furnish additional sulphur, if calcined at a low tenij!>eratare, and 
without stirring, gave up nearly all its copper to water as a soluble 
chloride. It was made evident, from these and other experiments 
described by Maofarlane, that the mass of heated peroxide of iron, 
in the presence of air, fevors the conversion of the sulphur into a 
sulphate, through which the decomposition of the coramon salt and 
the chloridtzrng of the capper is 6ffected.t 

These conditions are most fully reali^ when a material like the 
calcined residue of Spanish pyrites, containing in 100 parts about 4 
parts each of copper and sulphur, and 80 parts or more of peroxide 
of iron, is calcined with a suffiment amount of common salt, in which 

* For an excellent aofeount of wet processor for tho nxtraotlon of ooppor, toe 
FHedr Bode, in BingW’s Folytecfemsohes Joaiml for January -Marob, 1S7T, 
voL ecxixxi, pp, 254, 357, 428. 

f Canadiaii ^9'ataraliit, second ssnes, vol H, pp, 219-231, and vol lU, p. 45t. 
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ease^ as we Ijave seen, the chlondizmg of the copper is nearly com- 
plete. Ignorance of these conditions has more than once led to 
feiiure in attempts to ap])ly this process of copper-e\ traction 

ITnlike the method of chloridizing by roasting with salt, that de- 
|jending on the use of a solution of ferrous chloride with saft is a 
general one, applicable to all naturally or artifinally oxidized copper* 
ores, which may be readily and cheaply chloridized by its aid.'*' 
When applied to copper ores contaming silver, however, this shares 
with the salt-roastmg process the disadvantage that the silver is at 
the same time chloiidized,and if not present m too large an amount, 
IS dissolved, while the didbloride of copper, formed by the reaction 
between the oxide of copper and the ferrous ohloride, piecludes the 
use of Oaudet^s method of precipitating the dissolved silver by a 
soluble iodide 

There ia a large class of copper-bearing ores and furnace-products 
contaming, besides silver, and in some cases gold, portions of anti- 
mony and arsenic, often accompanied by lead, the treatment of 
which, either by the wet or the dry way, offers many difficulties. A 
simple and economical genei'al method, which will effect a complete 
separation of copper from silver and gold on the one hand, and from 
arsenic, antimony, and lead on the other, has hitherto been a desid- 
eratum in metallurgy. From the want of such a process considerable 
quantities of refined copper extracted from Western ores and mattes, 
and carrying from 40 to 50 ounces of silver per ton, have of lateyears 
been sold in our markets* 

With mv friend, Mr. James Douglas, Jr., of Phoenix ville, Pa*, I 
have devoted much time to the metallurgical problem thus pre- 
sented, and as the result of our joint labors have now to bring b^ore 
the Institute of Mining Engineers a novel wet process for the ex- 
traction of copper from its ores, which will, I think, be found to 
meet the required conditions* The new method is based upon the 
reaction described by Wohler b^ween sulphurous acid and a solu- 
tion of protoehlonde of copper, which give§ rise to insoluble dichlo- 
nde with the elimination of one-half the chlorine in the form of 
chlorhydric add, and the simultaneous formation of sulphuric acid, 
as simply expressed in the old notation by the formula, 

2CuCI + SOs + HO = OuaGl -h HCl f SO, 

Tile resulting acid solution, when brought in contact with cupric 

* A proce*^b of copper-oxtraction, based on this principle, is the subject of 
United States ii4ters-patentj granted to T Sterry Hunt and James- EksnglaS, Jr , 
February 
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\ull take up as macli copper as it originally held, uhich may, 
in Its turn, be thrown down by sulphurous acid. In this way, the 
solution of copper from an oxidized ore, and its precipitation as 
dichloride, may be repeated indefimtfiljj provided chlorine be sup- 
plied each time by the addition of a sufficient amount of some solu- 
ble chloride. 

The reaction between sulphurous acid and a solution of proto- 
chlorule of copper goes on slowly at ordinary temperatures^ but is 
very rapid bet\feen 80® and 90® C. Solutions of sulphate of copper 
mixed with an equivalent of chloride of sodium, and holding 8 0 per 
cent of copper, after being treated at 90® C with an excess of bul- 
phurous-arfd gas, retain lei^ LOper cenk of dissolved copper; while 
in the presence of an excess of sulphate of copper and sulphurous 
acid the precipitation of the chlorine from chloride of so^lium is 
nearly eomprete; sulphate of soda and sulphuric acid remaining m 
solution in accordance with the equation 

2 Cu 0 ,S 03 + NaCl -f Cu^Cl + 2 Sfa 0 ,S 03 + 250^ 

The sulphurous-acid gas for effecting this reaction on a large scale 
is readily got in sufficient purity from the burning of irmi-pyntcs m 
the ordinary kilns used by the makers of sulphuric acid, care l^eing 
taken that an excess^ of air be avoidetL A Knowles pump, conbtruetetl 
for the purpose, has proved an efficient means of injecting the heated 
gas into th^ liquid. By this reaction we have found it easy, in 
repeated trials' with a small experimental plant, to throw down in 
three hours’ time 125 pounds of copper from an eight per cent, solu- 
tion, the liquid still retaining about one per cent, of copper dissolved. 

The acid liquors, when the reaction with sulphurous acid is com- 
plete, have exehsinged theh* bright blue color for a pale green, and 
now contain in solution an excess of sulphurous acid, which must 
be got rid of before using them to dissolve a fresh portmn of copper. 
This may be effected by keeping back a small portion of the chlori- 
dized copper-i^lution, and after the action of the gas is complete, as 
may bo known by the changed color and the sulphurous odor of the 
liquid, adding the reserved portion thereto, by which means the 
excess of sulphurous acid will be oxidized. The chief part of the 
diehloricle of copper separate during the passage of the gaa, but a 
further portion is deposited on the cooling of the solution. 

The of sulphurous acid may also be got rid of by blowing 
a OTnent of hot air through the liquid after it has been withdrawn 
from the preoipitatoi dichloride, and best while the process of sat- 

VOL. x.-^2 
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urating it vfith oxide of copper is going on. This^ when got by the 
calcination of sulphuretted ores, contains more or less soboxide of 
copper,'^ which, with chlorhydric aoid forms a portion of cuprous 
chloride, and the separation of this, under these circumstances, may 
be prevented by ihe action of atmospheiic oxygen. 

Cuprous chloride is quickly transformed into cupric oxychloride by 
atmospheric oxygen, and when dissolved or suspended in an acid 
liquid is by this means readily converted into a cupric salt, which 
may be again reduced to cuprous chloride by the action of sulphurous 
acid. In this way, like the nitric oxide m the leaden chamber, the 
cuprous chloride acts as a medium through which sulphurous acid 
and oxygen are made to combine and to form sulphuric acid The 
two reactions of oxidation and reduction just described may go on 
alternately or simultaneously in the liquid, and thus it happens that 
when an excess of air enter's the pyrites-kiln,. so that considerable 
free oxygen passes with the sulphurous aoid into the copper-solution, 
the dichloride is either sepaiated slowly or not at all, while at the 
same time much sulphuric acid is formed. By taking advantage of 
these reactions betA\ een oxygen, sulphuious acid, and chloride of cop- 
per, we may at will increase the solvent power of our acid bath. 

In applying this new process of copper-extraction to a roasted 
SLilphmetted ore or matte, which we will suppose to contain a por- 
tion of silver, we begin by dissolving therefrom by water the sul- 
phate, which, with proper care in roasting, should contain not less 
than one-third of the copper of the ore; taking care to add to the 
water enough of some soluble chloride to chloridize and render 
insoluble any sulphate of silver which may be present. From the 
clear lixivium thus obtained, after adding the requisite amount of 
chloride of sodium, the copper is precipitated, as already described, 
by the action of sulphurous-acid gas. The resulting acid liquid, 
freed from the excess of sulphurous acid by the addition of a re- 
served portion of the original solution containing copper chloride, 
and still retaining more or less Copper, is now used to dissolve the 
oxide of copper from a portion of the lixiviated ore; the process being 
aided by heat, and, if the formation of dichloride of copper is to be 
feared, by the injection of a current of air, which may be made the 
means of heating and agitating the mixture. If the ore contains 

^ I hav<i> fouad calcmed sulpkaretted copper-or^s to contain, m addition to 
soluble cupric sulphate, and insoluble oxides of copper, a small portion of a 
cuprous compound, which, thoug'h insoluble m water, is dissolved by a hot and 
stiong solution of common salt, and is probably a cuprous sulphate or sulphite. 
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Silver, either in the form of riietal or unoxidized sulphide, we have in 
the chloride of copper which is formed the best agent for bringing it 
to the condition of chloride of silver. This will be found in the res-i- 
cine after the extraction of the copper, together with any gold which 
may be present, lead as sulphate, oxides of antimony and iron, and 
earthy matters. Cobalt, nickel, and zinc, if present will, however, 
be dissolved, and not being precipitated by sulphurous aeid, will, by 
successive operations, accumulate in the solution, and may afterwards 
be extracted.’* From the residues thus depiived of copper we have 
found the silver to be readily dissolved by brine, f after which, if gold 
be present, it may be lemoved by ohlormation, or the two precious 
metals may be extracted together from the residues fay amalgamatiou. 
When, as in the case of certain mattes from Utah, for example, the 
residues contain a large amount of lead as sulphate, this may be 
recovered by smelting, and a base bullion got containing the precious 
metals. The same result may also be attained by smelting the res- 
idues with an admixture of a lead >- 016 . 

Chloride of silwer is soluble to some extent in solution.of cupric 
chloride, and is then in part carried down wuth the cuprous chloride 
in the precipitation of the latter The formation of cupric chloride 
may be avoided by adding to the solution of sulphate of copper 
little more than the amount of chloride of sodium necessary for the 
conversion of the copper into dichloride. In this case, as we have 
seen, the acid liquid after precipitation by sulphurous acid will con- 
tain chiefly sulphuric acid, though still holding sufficient cupric 
chloride to effect the chlondizmg of any silver which may be present 
in the ore- 

The dichloride of copper, as obtained by precipitation, is a white 
coarsely crystalline powder, having aspeciflcgravity of 3.376 (Play- 
fair and Joule), and, as we have seen (note on page 14), is nearly 
insoluble in cold water. After being washed from the acid liquid, it 
may be readily reduced by placing metalho iron in the moist di- 
chloride, which should be covered with water to exclude the aii% 
The action spreads rapidly through the piecipibate, so that a single 
mass of iron will, m a few liours, change a considerable volume of 
dichlonde around it into pure spongy metallic copper. The reduc- 
tion of copper from solutions obtained in those wet processes where 

^ Por observations on tbe assocuition of ni<‘kel and cobalt with cortam coppci - 
ores, see Appendix I 

f For notes on the solubility of chloride of silver iii solutions of common salt 
and other chlorides, see' Appendix 11 
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the copper exists as protochloride, often accompanied by salts of iron, 
entails a considerable loss of metallic iron, andgi\es a copper which 
18 impure from the presence of basic iron-salts. The reduction of 
the solid dichloride, however, presents none of ihese disadvantages. 
Forty-five parts of iron sufiSee to reduce one hundred parts of cop- 
per; the piecise ratio being as 28.0.63 4 The ferrous chloride 
which remains in solution may with advantage be used instead of 
chloride of sodium for ohlondijjing subsequent solutions of sulphate 
of copper, ferrous sulphate being formed uhlesh, a® it accumulates, 
may be separated by crystal! i^sation from the acid liquid. The 
ferrous dichloride required to chlondize t^-ienty parts of copper 
would equal about sixtv-one parts of hydrated ferrous sulphate. 

Another mode of treating the diehloride, which may in some cases 
be resorted to, consists in decomposing it, be^t at a boiling heat, with 
^ slight excess of milk of lime. The dichloride is by this means 
converted into a dense orange-red suboxide of. copper which, after 
being washed fiom chloride of calcium, in a filter-press or otherwise, 
and dried, may be readily reduced to metallic copper in a leverbera- 
tory furnace. For this reaction, 28.0 parts of pure quicklime are 
required for 63 4 parts of copper, and the resulting chloride of cal- 
cium may be used instead of chloride of sodium or chloride of iron 
for cliloridizing solutions of sulphate of copper. In this case, there 
will be formed an insoluble sulphate of lime or gypsum, while the 
free sulphuric acid of the solution is replaced by chlorhydric acid. 
The use of the chloride of calcium would, however, require an addi- 
tional operation, since, to avoid the presence of the precipitated 
gypsum either with the ^icl'iloride or the undissolved residue of the 
copper-ore, it wmald be necessary to add the chloride of calcium to 
the clear copper-solution, and, after allowing time for the gypsum to 
subside, to transfer the liquid to the vats in which the copper is to 
be precipitated by sulphurous acid. There may, however, be local- 
ities in which the cost both of metallic iron and of common salt is 
such as to render advantageous the decomposition of the dichloride 
of copper by lime, provided there is no silver to be extracted. 

We have heretofore considered only the case in which the acid 
liquor got by precipitating the copper from neutral solutions In the 
form of dichloride is us^d to dissolve successive portions of oxide of 
copper alone. This can be done in the case of pure ores free from 
other htrongly basic oxides, if without loss, yet without any gain of 
acid save what comes incidentally from the portion of sulphuric 
anhydride which is given off in the calcination of pyrites, or from 
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ibe reaction between sulphurous acid and oxygen in the presence of 
chloride of copper^ as already explained. If, however, as is more 
often the case, we are treating artificially oxidi;se<i sulphuretted ores 
or mattes, which yield by roasting a mixture of oxide and sulphate 
of copper, it will be apparent that by the repeated use of the present 
process there must result a constantly augmenting proportion of free 
acid in the liquid. 

This may be made clearer by examples Let us suppo=?e a solution 
holding in a cubic foot (equal 1000 ounces of w’’ater) 63.4 ounces or 
two equivalents of cxippei in the form of sulphate. To convert this 
mto protocblonde would lequire two equivalents or 117 ounces of 
chloride of sodium, but for the production of the dichloride, as we 
have seen, one equivalent, or a little more, will suffice, or, in place 
thereof, a corresponding amount of ferrous or calcic chloride. When, 
by the action of sulphurous acid, the whole of the copper is reduced 
to the cuprous condition, and in great part thrown down as di- 
chloride, the previously neutral solution will contain two equivalents 

98 ounces of sulphuric acid"^ (oil of vitriol), which, if a larger 
amount of chloride had been added, would be m part replaced by 
ohlorhydrio acid. These two equivalents of acid are capable of 
taking up two equivalents, or 79.4 ounces of oxide of copper, after 
which the solution will contain, as at first, 63.4 ounces of copper. 
If, however, we add to this acid sblution, instead of simple oxide of 
copper, a calcined ore or matte in which one-third of the copper is 
present as soluble sulphate and two-thirds as oxide, it is clear that 
when the acid is saturated we shall have in the liquid, besides the 
63.4 ounces of copper from the oxide, one-half as much more, or 
SI. 7 ounces of copper which were already present as sulphate in 
the roasted ore, making in all three equivalents or 95 1 ounces of 
dissolved copper, which are, in their turn, to be converted into 
dichloride. Now, as the amount of acid set free in this reaction is 
equal to that originally combined with the copper, it follows that 
the liquid after the piecipitation of the dichloride will contain throe 
cscpiivalents of acid, instead of two as before. If to this we add, a 
second time, enough of the mixture of two-thirds oxide and one-third 

^ While we recognize the dyad nature of copper, oxygen and sulphur, and 
the InhasioHy of sulpliunc aod, it is simpler and more convenient for the eal- 
eulatjon*! ef the Tnanufaotunng chemist and the metallurgist to use, as we have 
done in tho prc'^ent paper, the wider notation, and to speak of SI 7 parts of cop- 
per, S parts of oxygen, 40 parts of sulphuric oxide, 49 parts of oil of vitriol, 36 5 
parts oi elil(>rhydnc acid, and 68 6 parts of chloride of sodium as equivalents. 
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sulphate of copper to neutralize these three equivalents, we shall 
have tour and a half equivalents of dissolved copper, from which, by 
a third repetition of the process of precipitation by sulphurous acid, 
fuur and a half equivalents of sulphuric acid would be set free; so 
that in place of 98 ounces we should have 220| ounces in the solu- 
tion ; — an amount which a fourth repetition of the process of satura- 
tion and precipiuiiion would raise to six and three-quarter equiva- 
lents or 830 ounces) of oil of vitrioL 

li, instead of a mi xtuie containing one-third ofits copperas sulphate, 
we have one in which only one-fourth is sulphate and three-fourths 
are oxide, we should get by satin ating with this a solution con- 
taining two equivalents of acicl, and subsequent precipitation with 
sulphurous acid, a liquid holding 2 66 equivalents of free acid, 
which by a third repetition of the process would yield 3 55, and by 
a fourth 4,73 equivalents of free acid, in place of the 2.00 equivalents 
which were present after the first precipitation. 

The above calculations are founded on the supposition that the 
roasted ore or matte contains, besides the oxide of copper, no base 
that would be attacked by dilute acids In fact, however, oxides of 
lead, zmc and, more rarely, nickel and cobalt, may accompany the 
copper-oxide, and give rise, the first to an insoluble and the others 
to soluble sulphates, consuming more or less acid. Ores containing 
more or Jess carbonate of lime (often with carbonate of magnesia) 
lire also of frequent occurrence, and here is seen a great advantage 
wliieh this mode of copper-extraction possesses over all the other 
wet processes ; for since lime and magnesia, and their carbonates, not 
only neutralize free acids, but throw down copper from its solutions, 
the treatment, by these processes, of ores containing any coosiderable 
proportion of calcareous matter is impracticable. With the process 
here proposed, which generates an abundance of free acid, the ex- 
traction of copper from ores winch do not contain an excessive 
amount of calcareous matter presents no difficulty except such as 
arises from the meehauieal obstacle created by tlie formation of 
gypsum in the solutions. The accumulation of acid in the bath is 
indeed so rapid in many cases that it will become unnecessarily 
strong, and may be dilated with water; while that portion not needed, 
after being deprived of the last portions of copper by the action of 
metallic iron, may be rejected unless it retains in solution other 
metals of value 

It will be seen from the foregoing description that the new process 
here described resembleB those which, at the beginning Of this paper, 
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we have placed in Class II, inasmuch as the oxidized copper is sepa- 
rated from foreign metals by dissolving it in sulphuric and ehlorhy- 
dnc acids; with the difference, however, tliat the acids for this pur- 
pose are generated in the process itself, by the action of sulphurous 
acid ; while the copper is sepaiated from its solutions in the form of 
dicblonde, the reduction of which to pure copper is readily effected 
by the consumption of a minimum amount of metallic iron At the 
same time, any silver or gold which may be present in the ore is left 
uudi&solved, and m the best condition for subsequent extraction by 
well-known methods; while the saving of cobalt and nickel, of lead, 
or of antimony, should these be present in quantities of economic im- 
portance, may be subsequently effected by very simple processes 

The apparatus for this new general method of copper-extraction is 
simple and inexpensive,* The chlorine required in the precipitation 
of the copper being recovered for further use, the only reagent con- 
sumed, except the sulphurous acid — which is a waste product 
from the roasting of sulphurous ores — is an amount -of iron which is 
equal to less than one-half the weight of the copper, and may be 
recovered in the form of sulphate of iron, — or, instead thereof, the 
same quantity of caustic 

Appendix: I. 

The presence of small portions of cobalt and nickel in cupri- 
ferous pyrites is not uncommon, and mixed earthy oxides of copper, 
nickel, and cobalt have been found in considerable quantities in Mis- 
souri. A greenish, translucent, amorphous mineral, with black 
stains, resembling ehrysocolla in appearance, from some place in 
Western Nevada, where it was said to be abundant, and to have 
been mined for the manufacture of sulphate of copper, was brought 
to me in 1876, and found to contain considerable quantities of both 
cobalt and nickel. One of two closely agreeing analyses by my 
former pupil, Mr. Hardman, made at the Mass. Institute of Tech- 
nology, in 1877, gave for this mineral as follows : Oxide of copper, 
9 63 ; oxide of nickel, 3.23 ; oxide of cobalt, 3.88 ; peroxide of iron, 
3.08; peroxide of manganese, 2.40; lime, 1.04; magnesia, 0.10; 
alumina, 13.01 ; silica, 42,97 ; water, 18.88 = 97.72. The cobalt 


* XTinted Statf^s letters-patent, No 227^002, J&nr this method of ooppeic-oxtmc- 
tion were granted to Thoraa«i Sterty Hunt and James Douglas, Jj., May 25th 
1880 
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and nickel were separated by Rose’s metiod. Another analysis, in 
which these metals were separated by the method of Fitscher, with 
nitrite of potassium, gave of O’side of cobalt, 4.11. Such an ore, if 
abundant, would be a valuable source of both nickel and cobalt. 

This aluminous mineral, like chrysoGoIla(aMte, page 12) is attacked 
by a solution of ferrous chloride and common salt, by which the oxides 
of cobalt and nicivel are indirectly dissolved ; since, although they 
have not the power of decomposing ferrous chloride, they decom- 
pose the cupric chloride which is formed by its reaction with cupric 
oxide. 

Appe&'hix II. 

As regards the solubility of chloride of silver in solutions of chlo- 
ride of sodium, Vogel found that one liter of a satmateil solution, at 
ordinary temperatures, held dissolved 0.950 grams of chloride of 
silver, while according to Hahn, a liter at 19 6° C. holds 1.269 
grams. Becquerel found at ordinary temperatures for a similar 
solution 0.800 grams to the liter. 100 parts of water, saturated at 
100° C., hold 26 61 parts, and at 15 6° C , 26 34 parts of chloride 
of sodium, the densities of the solutions being respectively 1206 93 
and 1204.03. Heuce, one liter of a saturated solution at 15.6“ 
holds 316 grams of common salt, 1000 parte of which solution 
under these conditions dissolve, according to Hahn, at 15 6“ C , 3 0 
parts of chloride of silver ; while, according to the observations of 
Vogel and of Becquerel, at “ordinary temperatures,” not defined, 
1000 parts, in saturated solution, dissolve respectively 4.0 parts and 
2.53 parts of chloride of silver. The latter figure approximates to 
that given by Pelouze and Fr4my, according to whom 1000 parts of 
salt at 18® 0. hold dissolved 2.40 parts of chloride of silver. The 
solvent power, according to these chemists, varies greatly with the 
temperature, the amount dissolved being equal to 1.70 parte at 10“ 
C , and not less than 6.80 at 100“ C., while at 0° C. but traces of 
chloride of silver are dis-solved. Differences of temperature may 
suflice to explain the discrepancies between the results of Vogel, 
Hahn, and Becquerel, but not those of Pelouze and Fr^my at 18.0“ 
0., a temperature above that mentioned by Hahn. It is possible 
that those chemists may not have employed solutions saturated with 
chloride of sodium, to which the observations of the others refer. 
Fresemus, speaking of tlic solubility of chloride of silver in hot 
oouoentrated solutions of the chlorides of sodium, potassium, am- 
moniimi, caltiium, ziuo, etc , says “On sufficient dilution with cold 
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water the dissolved portion separates so completely that the filtrate 
is not colored by snlphuietted hydrogen 

As to the solubility of chloride of siher in some other chlorideSj 
Hahn found that a liter holding 30 70 per cent of fenous chloride, 
and having a specific gravity of 1.419, dissolves, at 20^ C., 2 385 
giams of chloride of silver ; while a solution, holding 44.48 par cent, of 
cupuc chloride, and having a specific gravity of 1 5726, dissolves at 
30'^ C., for 1 liter, 0.836 grams of chloride of silver Ft>r farther 
observations on the solubility of chloride of silver in other chlorides, 
see Percy, Metallurgy of Siher and Gdd^ Part I, p. 58, and also 
Hahn, Tramactions of the Amerioan Institute of Mining Engineers^ 
VoL II, p 99. 


mYESTmATIOITB ON THE OBE KNOB COFFEE FBOUESS 
BY T, EOLESTOIf, BH.P., KEW YOEK CITY. 

The works of the Ore Knob Copper Company are situated in 
the county of Ashe in the northwestern part of the State of North 
Carolina, about ten miles from the Virginia Imo, at an elevation of 
4600 feet ^bove the sea. The nearest railroad station is at Maiion, 
Smythe County, Virginia, about forty-five miles distant. The 
roads from the railroad to the woiks have been constructed by the 
company for the transportation of their material, and are very hilly, 
and in certain seasons of the year in bad repair. Transportation is 
therefore always limited and never easy, although it is done by con- 
tract at a very low price. The main difficulty with the t^anspoita- 
tion is not so much its cost as the fact that it puts limit to 
the production of the works. These unfavorable condition® make 
it necessary for the owners of the mine to smelt their ores and to 
send to market nothing except the metal, which alone will bear 
the cost of transportation. 

The mine was opened previous to 1860, but has only been worked 
systematically during the last five or six years. The vein is a 
fissure vein fiom ten to twenty feet in thickness in the gneiss of the 


^ Frescniue, Quantitative Analysis, Atner Kd , 1879, p 
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Laurentian period^ and has been explored over a long distance by 
■working and trial shafts. It has a strike of north about sixty 
degrees east, and is vertical, cutting across the strata of the country 
rock* One wall is always sharply defined, the other is in the rock ; 
the ore dies out in it. Its penetration is very nearly constant, but 
there is no seam to give a sharp separation. The gossan generally 
outcrops at the surface. When it does not it is covered by only a 
few feet of earth, so that there is no difBculty in following it, which 
has been done for nearly a mile. It is generally from forty to fifty 
feet thick over the ore, and the only dead work which has to be 
done is the piercing of this gossan to reach the ore All the shafts 
and levels are in the ore itself, so that in the mine no dead work 
has to be done. Both the walls of the vein are vertical, and as they 
are very strong, the ore between them is all taken out, it being only 
necessary to leave sufiScient of it between the walls to protect the 
shafts. Two of the shafts are sunk to a depth of three hundred feet, 
and two to tw’o hundred and fifty each. Five other shafts to the 
north have been sunk at variable distances, the shallowest of which 
is sixty feet, and two others to the south are now being sunk on the 
gossan. Only two of the shafts are being used to raise ore at the 
pieseut time. The others are either in poorer ore than these two 
shafts, or are not worked, because it is thought advisable to follow 
tlie ore to the south, where it seems to be running richer than toward 
the north. The ore consists of pjrrhotitc mixed with chalcopyrlte 
and quarts in variable proportions. Hardly any other minerals ex- 
cept a small amount of carbonate of lime, some little black mica, and 
occasionally garnet, can be seen in the rock. 

The method of mining employed is known as underhand stuping, 
this method being the best suited for the character of the vein. The 
rock is hard, but the ore 1^5 won without much ditBculty, Negro 
labor is employed to a very large extent, and, so far as my experi- 
ence goes, I have found it as good, If not better than white labor, 
and much more tractable. The wages paid are low, but the work 
performed h equal to that done elsewhere, for while the aotual money 
paid is small ia amount, its purchasing power is us great, or even 
greater, than a much larger amount paid elsewhere. The store sys- 
tem, wliidi IS adopted, allows the miners to get good and substantial 
articles at a much lower price than they can purchase them else- 
where, tlius rendering them contented, and yielding besides a large 
revenue to the company. 

The method of ex;traction is by iron buckets. These hold from 
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IGOO to 2000 pounds each Thej are placed on a truck which, 
when loaded is rolled to the shaft, and the buckets are there hoisted. 
The ventilation of the mine is excellent, the foul air of a blast 
being leinoved in a very short time. 

The mine was originally opened on a very rich streak of chalco- 
site rmioing at times as high as 30 per cent in copper The works 
which were constructed to tieat it were designed for the Hunt and 
Douglass process, which has been elsewhere described in This 

process w as worked on a lai ge scale until the amount of carbonate of 
lime which came into the ores rendered it impossible to use it any 
longer. It was then abandoned and the present works built. The 
ore afterwards became poor, and no tiaces of chalcosite are now seen 
in t/ie mine. 

The smelting works are situated only a few hundred feet from the 
mine. The ore is delivered into the dressing4iouse, where that con- 
taining copper is separated from the sterile material, and discharged 
into a car running by gravity to the smelting works, where it is 
dumped into carts and earned to the piles to be roasted 

After a series of experiments, extending over many months, it has 
been found that at present puces an ore containing 3 per cent, of 
copper just pays the expenses of mining and smelting. There will, 
consequently, be a loss at Ore Knob, under the present conditions, 
in working by the method now used an ore of a less, and a profit in 
working those of a higher percentage. 

As the mine and the works are so near together no special provi- 
sion for storing the ore is made except in the roasting piles The ore 
goes from the mine to the dressing works, and from there it is deliv- 
ered in ears to the shoots, which dump directly into the carts which 
carry it to the roastmg^pilos There are about two thousand tons 
of poor ore, however, lying upon the surface, broken and ready to 
smelt \vhene\er a process can be found to work it profitably, or 
when the price of copper shall be high enough to make it wortli while 
to mix this ore in small quantities \iith the ore as it comes from the 
mine. 

Analyses Ko. 1 and JSio 2 shoi\ the mineialogical composition of 
the ore taken from each of tlic two shafts of the mine. No. 3 is a 
sample taken from the heaps of poor ore lying on the surface. 


^ See Engineering, London, Eng., to! xxn , p 419. Tranfa Am Inst Mir- 
ing Ettgineeis, voL i, p. 258, vol m, p 891. 
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Ko 1. 

No 2 

No S 

Chalcopynte, , 


• li 83 

13 30 

4 7b 

Pynrhotite, 


37 46 

35 74 

48 78 

Scgqui<Si\ido of iron, 


. 814 

16 34 

18 36 

Alumina, . 


. 1,84 

1 49 


Manganese, 


. 0 16 

0 50 

0 76 

Lime, « 


. 5 32 

7 84 

7 21 

Magnesia, 


0 85 

0 94 

0 80 

Carbonic acid, . 


* 4 76 

7 19 

6 00 

Zinc, . 


. 0.67 

0 66 

0 65 

Qobidtj 


. 0 09 

0.09 

0 095 

Kiekel, 


. 0 71 

0 92 

1 08 

Silieious residue, 


. 29 10 

13,57 

12 80 



99 98 

9$ 68 

100 79 

M^etallic (opper in the oro, 

. 3 92 

4.60 

1 65 


Alkalies, etc., not <i<Jtcmnncd 

These analyses show the ores to be of exceptional purity. No 
ti'ace of arsenic or antimony could be found in any of the samples- 
About fifty per cent, of the ore mioed is sent to the smelting 
works. The amount of ore mined in Jane, 1880, was 217L7 tons; 
that sent to furnaces was 1413.5 tons, which is 65 per cent of 
that mined. The amount of ore mined from July 1st to 8tb, 1880 
(6 days), was 564 tons ; that sent to the furnaces was 320 tons, or 56 
per cent. 

The ore might be enriched much further by careful hand-picking. 
No dressing ui the ordinary sense of the word is applicable to it, 
since the pyrrliotite and chalcopyrite are of very nearly the same 
specific gravity. No effort is made at dressing, except with the 
fines,” and the only attempt then made is to get rid, in a rough 
way, of part of the quarts in the ore. 

The following interesting summary of the cpst of mining and the 
production froip January 1st, 1879, to April 1st, 1880, was taken 
for me from the books of the company by Mr J, E. Clacton. 

COST Olf MINING. 

Cost of lukor, for fifteen inontkfc,'*' » ... $27,70^11 

Cost of powdei, tutil, cundks, etc 3,4^^ 24 

Gost of carlinsr, per ton of ore, . .... * 0 815 

QaaritUy of ore delivered in min-liouse, . , , , . 88,872 tons. 

Ore delivered yielded in furriHce ore, 21,228 tone. 

Proportion of furnace ore to ore delivered, 65 1 per cent. 

Average yield of tljo ore, . . • , , . 6 per cent, 

* Ttie labor of sinking over throe hundred feet of shafting and all the devel- 
oprhent m the mine is included in this amount. 
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Yield of fnrnacs or<* from ore rained, 1876 , . . . S8 percent 

Yield of furnnee ore from ore mined, 1877, . . , , 34 per cent 

Yield ef furnace ore from ore mined, 1878, * . . 48 per cent 

Yield of furnaeo ore frpm ore mined, 1879 and 1880, 
to Aprtl Ut, . . . , r 55 1 per cent 

COST OP I^ABOK IN DETAIL 

Cost of a^^ortinfi^, handling, and selectina:, 

Cost per ton of assorting, handling, and selecting, 

Cost per ton of handling, a‘isorting,and delivering at furnace, 

Cost of surface work for fifteen months, 

Cost per ton of furnace ore, surface work, , . . . 

Cost of <uiperintendent, managers, and booUkeeper®, , , 

Cost of supeiintondents, managers, and bookkeepers, 
per ton oi ore, . , • 

TTAOES (I^CLtrDING BO&SES) — T^^DERGROUND. 

Seventy- two men, aver ige -daily pay, ^0 92f 


WAGES — SURFACE 

Assorting ore, thirty-nine men, average daily pay, . $0 79| 

Furnace men, eighty-seven, average daily pay, ... , 1 08^ 

Averag daily pay for past fifteen months, .r . 0 89i- 

Average number of men directly employed at the mine, . . , 220 


The arrangement of the metallurgical works appears at first sight 
not to be very regular, but their position has been determined by the 
lay of the ground. They consist of six roasting sheds, tea shaft fur- 
naces, one reverberatory furnace, and four houses for storing the coal. 

The fuel used is wood for roasting and refining, and charcoal for the 
shaft fuHaCes. The lower furnace house, Plate 1, is 124 by 54 feet; 
It contains four ore furnaces, with four dust chaaibte, and outside of 
the lower end is an engine and boiler house, 33 by 35 feet. Di- 
rectly behind it is a charcoal shed 212 feet long, and towards the 
upper end two ore-roasting sheds, one 300 and one 280 feet long- 
The three matte-roasting sheds he between the two furnace houses. 
One of these is nearly in line with the lower furnace house, 100 feet 
from it. Behind this house, hO feet distant, and at right angles to it 
are two other matte sheds, om 75 feet and the other 120 feet long 
The upper furnace house, Plate 1, is 180 by 56 feet, with an engine 
and boiler house at the lower end 33 by 35 feet. It contains four 
ore, two matte, and one refining furnace. Behind it and on a level 
with the throat of the ore furnaces are one ore-roasting and two 
charcoal sheds, each 120 feet long. The upper and lower furnace 
houses are about 400 feet apart They are situated on the crests of 


§12,447 66 
0 8233 
0 586 
8,802 63 
0 415 
. 7,500 00 

. 0 208 
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hills, the sides of these hiila being utilized as dump piles for the 
blags, i^^hich have already^aceimittlated to a considerable height, but 
there is still space for them for many years to come. 

The plant is capable of producing a much larger amount of cop- 
per than it now does. The ore, as seen bv the analyses, is so exceed- 
ingly pure, and the fuel so entirely free from everything deleterious, 
tliat with careful refining a %eiy high grade of copper might be 
made. 

The works are very favorably situated with regard to fuel. The 
company owns a large amount of timber land, which, however, it 
has been thought good policy to leave untouched. They contract for 
their wood with the neighboring farmers, who deliver it ranked at 
the following j>nces : 

All oak, cord, . $l 85 

Hixed oak, • . I CS 

Soft wood, . . 1 50 

This w^ood wdien delivered is ranked up beside the roasting 
sheds on the side from which the prevailing wind comes and is the 
only protection the sheds have against the weather. The charcoal is 
purchased by contract at five cents per bushel of from 18 to 19 
pounds, delivered at the furnace. The wagons are numbered and their 
capacity gauged. The receiver gives a ticket which is good at the 
store for a specified amount of supplies and a certain percentage of 
money. The charcoal is delivered by drawing out the bottom boards 
of the cart; it falls in a pile underneath, and after careful inspection 
lb stored in the houses, of which there are four, containing 13, 35, 
Gfi, and 70 thousand bushels each. The farmers cut their wood in 
tlie summer and burn it at once, and are not generally skilled m the 
manufacture of charcoal, many of them having only just learned it; 
theiefore, only a very small percentage of the combustible part of 
the wood IS utilized. The wood is often cut and immediately put 
into the in]tb with the leaves on. The practice of cutting wood in 
the Slimmer for industrial purposes is general in the South, and is a 
voiy bad one, for not only is the wood so cut of poor quality, but the 
charcoal made from it is very light, as all the pores of the wood are 
open at that time. The farmers do not seem to care to get the full 
value of their material, but regard any money m hand as a profit, 
and count the material used, and their own labor for everything ^Ise, 
except for their crops, as clear gain. 

Ah the charcoal is delivered by contract, and all they are paid for 
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ifc IS considered bjr the farmers as profit, with no regard for the 
mtrinsiG value of the matenal, it woaM seem as if neither they nor 
the works had any interest in having it made one way or another 
But this is not so; good inetallargieal charcoal can only be made 
from wood cut m the proper season, and burned in the proper way. 
If the fuel is not all that it should be two things will result ; first, 
more of it must be used to get the proper temperature ; second, -the 
furnace will be constantly liable to accidents, which increase the cost 
for fuel, decrease the output, and increase the labor necessary at any 
given time I had occasion several times to notice accidents and 
delays attribiitablesolely to the inferiority of the fuel. It would be 
wise to construct a few kilns* for the farmers on terms wdiich could 
be agreed upon. I think this would show that the method of kiln 
burning is very advantageous to both parties, as the kilns cost but 
little and need very few repairs. 

All other materials are very cheap, as there is no market m the 
vicinity but at the mine. It regulates the prices of most of the articles 
produced in the country. Bricks cost $5 per thousand ; lumber, 
$10 per thousand feet ; labor is cheap and there is always an abun- 
dant supply of it, but from the prices of country pioduce given 
below, it will be seen that the purchasing power of money is much 
greater than it is in most places 


Butter, 

Beef, . 

Hutton, 

Chickenb, grown size, . 
Turkejs, 

Enjgs, . 

Corn, 

Whe.tt, 

Huy, 


, . 8 to 12 cents per pound. 

. 4 to 41 “ 

. . 8Jto 4} » 

, 10 cents eacTi. 

. 55 to 50 

. 0 to 10 cents per dozen 

* 50 to GO cents per bushel 

. 80 to 100 “ “ 

. $8 00 to 12 00 per ton 


Pig copper is arrived at in four and ingot m five operations. The 
process consists of : 

1. Roasting the picked ore and the dressed fines in piles. 

2. Fusion in a shaft furnace for mattes, generally called single 
mattes. 

3. Roasting the mattes (Nos. 2 and 4) in piles. 


* See Transactions Am Inst. Mining Engineers, yoI viii, p. 378. 
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4. Fusion in a shaft furnace for black or pig copper; arid con- 
centrated or double mattes. 

5. Treatment of the salamanders. 

6. Fining and refining. 

1 ROASTING THE OHE. 

The roasting of the oie is effected in three shedsj each 34 feet 
wide, and 300 feet, 280 feet, and 240 feet long respectively. They 
are 8 to 30 feet to the first timber, and 20 feet to the peak of tho 
roof. These three sheds are capable of holding 42 piles, 10 iit the 
first; 14 in the second, and 12 in the third. These piles are 17 by 
20 feet, and 6 feet high in the middle, and contain 100 tons of fresh 
ore and about 50 tons of partially roasted ore, so that in all, each 
pile holds about 150 tons. The bottom of these ore piles is made 
directly on the ground Tery fine ore is put down first to a depth 
of from ten to twelve inches. In taking up this fine ore after roast- 
ing the ore floor is hollowed out, so that it gradually becomes deeper. 
Over the fine ore three cords of good wood are placed in two rows 
beneath the whole piles; three rows are made upon the Outside so 
as to form a barrier to hold up the sides of the pile. The ore, which 
is broken to about the size of the fist, is piled over the wood. It 
is dumped from carts under the sheds, to form the ends of the 
pile, and is bliovelled to the sides and the centre. On the sidos 
and ends it is left to take its natural talus. The outside of the pile 
is coverejcl with ore in pieces about the size of a hickory-nut, and the 
fine unfinished ore is placed on the top and sides of the piles, then 
the very fine screenings over this on the top and sides On the hot- 
tom at the sides the piles almost touch. Three piles of fresh ore 
were being roasted, two were being taken down, three were being 
built; and two roasting spaces were empty at the time of ray visit. 
The carts come in quickly as they are wanted. They are loaded 
from a bin at tlie end of the inclined Irum^vay coming from the 
dressing-houbc, by drawing a slide 

As the ore contains a very large amount of sulphur, owing to the 
presence of so large a quantity of pynhotite, but little fuel is re- 
quired for the process. The greatest part of the heat is due to the 
sulphur in the ore. The pile soon settles from the burning out of 
the wooAj w'hcn the men make the cracks tight with fine ore, leaving 
only just enough of them open at the bottom of the pile to insure 
the propagation of the heat from below up, and to draw it to any 
point where there may have ])eeorae too cool, which is easily uooom« 
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plished, owing to the way in which the pile is bailt It requires 
but httle labor to take charge of such a pile since, if it is properly 
constructed and kept free from the influence of high winds, the beat 
of tli6 burning sulphur spreads itself upward in layers suiBoiently 
horizontal to insure a nearly equal distribufion of the heat The 
case, however, with which the air has access to the pile, will cause 
borne irregularities, as will also the size and nature of the pieces of 
the ore, so that it is ncrer uniformly roasted. In driving off the 
sulphur, sufficient must be left to form the matte, but enough must 
be driven off to insure that, as much of the iron as possible shall 
pass at once into the slag. The pile is lighted at the four corners. 
It takes about twenty-four hours to get it well burning. Pine ore 
and small pieces are put round the bottom against the wood, after it 
IS well started, to prevent its burning too fast, the thickness of the 
cover being varied in order to regulate the rate of burning. It takes 
about six weeks to burn a pile. When taken down it is about three- 
fifths roasted, and the rest goes into a new pile. The fine ore on the 
bottom IS generally entirely agglomerated, so that it has to be broken 
■with a pick or sledges. Any ore that is not well roasted goes into 
the new pile. The piles are discharged before they become cold. 

Three men and two horses and carts are required to bring the 
ore to the piles. Four men are required to clean them up, and dress 
and break the masses, which have become agglomerated in the pro- 
cess of roasting. Two piles a week were taken down during my 
visit. There are usually about seven broken piles in process of re- 
moval at one time. The men at the piles work on ten-hour shifts. 

The analyses of the roasted ore is given below. 


Copper, . 





No 1 

. 4 68 

No 2 

8 94 

Iron, 

, 

. 


« 

. 89 08 

88 38 

Sulphur, 


. 


. 

6 7S 

7 64 

Alumina, 

. 

. 


. 

. 1.79 

2 68 

3JanganeBe, , 




. 

0 40 

0 86 

Lime, 



. 

* 

. S 10 

8.01 

Magnesia, 

, . 

. 

• 


0 88 

0 65 

SiheiOLis residue, . 


. 

. 


. 15 20 

17 52 


In order fcP be sure of an average result the assay sample for ITo. 
1 was taken from the carts going to the ore furnace, a shovelful being 
taken from different parts of each cart. For No, 2 the ore was taken 
from the different piles, the sample being taken from the bottomrto 
the top. 

As the ore and the mattes made from them are roasted in the open 
air, the sulphurous smoke given off from these piles is injurious to vege- 

VOL X.— 3 
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tafcion, so that the region over which it reaches is completely denuded. 
No very great ioconvenience results from this at the present time, as 
the company owns all the territory afteoted. Much of the sulphur 
thus lost might be made a source of revenue to the compainy by 
utilizing It in some process of working the poor ores, now an vObr 
stacle to the openiag of the mine, and an incumbrance on the sur- 
face. The cost of wood, it is true, is very smajil, but if this ore were 
roasted m furnaces, less wood would be used, and the roasting wmld 
be more thorough!} done. All the conditions under which roasting 
in piles is profitable e\ist at the Knob, but the very best wood is now 
used in the ptocesb instead of refuse and poor matenah A furnace 
plant to do the sanio work would require an outlay, but in the end 
would be cheaper in fuel, and mpure a much smaller stock of ore 
in the piles, which is really equivalent to an increase in the product 
of the mine. If the poor ores are ever to be worked it must be by 
some method which involves the saving of the sulphur. 

The roasting of the ore is imperfectly done, but the ore is of such 
exceptional purity that there are but few disadvetcitages resulting 
from the hasty roasting, the nro^t senous one being that the matte 
IS not as rich as it might be, and more foreign matter than necessary 
must be put through the next operation. 


pTETAILtD STATfiMU^fT OF COST OF KOASTINU AT OUE KN-OB , TAKEN FOIX 
FIFTEEN MONTHS, FROM JANUARY IST, 1879 , TO APRIL IST, 1880 . 

HKuhn? 05 

( 2 carts twxd hor‘*(?a at 40 cents, $0 80, f • 

Elaoiag: ore and caring for ore heaps, i man 00, 3 men cents, 3 20 


€ ao 

(ATerago amount of ore i^aasted per day 50 tons of 2000 }»oiiiub.) 
Average amount of fuel used per day IJcordstof wood at 86, 2 7T 


Cost for 60 ton?, , ... , , $9 07 

Cost per ton, . . , 0 1814 


The ore is delivered in cars on the tramway near the fanmoes. 

Of the piles of ore, at the time of my visit, H were being made, 
20 were roasting, 5 were being cooled, 10 were cold, and 4 places 
were empty. 

2 . BTT8IOK FOR MATTES. 

The roasted ore, as soon as taken from the piles, is carried to 
the shaft furnaces, Plate II. The furnaces used for smelting ore 
and matte are almost identical in eoustruetion There are eight ore 
filrnacefc, wfiioh,^ when they are all running, pro<luoe forty tons of 
matte, or ^putr five tons each in twenty-four hours. Four of them 
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were npt. in bl§^t, The/urnaee§ nre mte^igular in 50 CtiQ;o> nnd Jbave 
two tnyepos Jq tbe back of the, furnace S anches in diamet^r^, with 
nozzles inches in diameter. The tuyeres couyergi^ that Jines 
passing throaglji: their centres meet at 21 inches from the nozzle. 
The material of which the furnace is built, as shown ip Plate 11, is 
partly soapstone and partly firebrick, ,Th^ whole the furnace 
below the tuyeres is made of crushed quartz. 

The furnace is ^ feet i. inches wide ut the tuyernSj and S feet 10 
inches under the tymp- It is 8 feet 10 inchefe high on^the tuyere 
side, and 9 feet 4 inches on^the breast side. The plan gives a sec- 
tion on, the line of the tuyei'cs and at CC above, showing that the 
interior tapers slightly on all sides except at the breast. tymp 
is made of a piece of soapstone 6 by 12 inches, which goes across the 
whole front of the furnace. Above this stone the wa^lIs are 8 inches 
thick, built half of firebrick on the inside, and the other half of 
common bi ick* on the outside to a height of 40 inches, where an iron 
bar 1| by 4 inches supports the soapstone above on the tuyere side. 
There is a soapstone 12 X 18 X 54 inches above the tuyere. The fire- 
brick is here carried up 4 feet. The red brick is earned part of the 
way to the same height, and the rest only 3 feet, the soapstone here 
being supported by an iron bar of the same size as on the breast 
side. By this arrangement the whole of this part of the furnace can 
be taken oat without disturbing the rest The tuyere is 12 inches 
above the hearth, which inclines to the front so as to be there 18 
inches below the centre hoe of the tuyere. The dam-stone S, does 
not exist in the ore furnace, but goes across the front of the pig- 
copper furnace, whi^h is in all other respects exactly similar; it has 
a rounded cut on the inside and also on the under side. 

On the front of the furnace is a fore-hearth ma^o of pieces of cast 
iron bolted together. It is 5 feet wude and 30 inches high next the 
fiirnace, and 28 inches wide and 2 feet high on the front. In the 
middle of the front a spout is bolted on for the slag to flow over. 
This box is filled and carefully packed wdth a mixture of equal parts 
of steep and river sand. The steep is made of one part of burned 
clay and two of charcoal dust. The hearth is then finished in 
crushed quartz, when the tap hole is cut out through a hole made 
on one side through the cast-iron plates, and is closed with quartz 
sand, wetted so as to pack. It is easily opened with a pointed 
iron bar at first, but in about ten days it gets hard, and has to be 

* The bricks mad© at tho \?orks are now used exclusively in the place of 
common red brick. 
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cut out with a ‘-'teei-pointed tool* The soapstone which is used in the 
construction of the furnace comes from the neighborhood, and is con- 
tracted for at fixed prices. 

The bricks used are made at the works, of two-thirds of crushed 
quartz and oiie-third clay. The mixture is sun-dried and built into 
the furnace, and dried and burned in place. No bricks are burned 
outside of the furnace. 

Next to each furnace, and connecting with it directly, is a large 
dust chamber, which is 4 X 8 X 16 feet on the inside. Access to 
it is had by a door on the casting floor, which is closed and luted 
tight when the furnace is at work. Between the furnace and the 
dust chamber there is an arched opening three feet wide, to ad- 
mit of free circulation. 

The cost of construction is given in detail below : 

cosr OS’ corpiiR furnack at orr knob, norih Carolina 


144 cubib feet best soapstone, at $l 08, . . . . $165 52 

117 ** common soapstone, at 96 cents, . . . 112 32 

1 M firebrick, 10 (X) 

8 M common brick, at $6, . • . . . . 18 00 

210 foet railroad rails, 60 pounds per foot, about 1 J tons, 

delivered here, 60 00 

60 feet of 1 J round iron and bolt ends, .... 9 S2 

20 square feet cast plates, 1 in thick, 700 pounds, at 8 cents, 21 00 

Mason wages, 65 00 

Helper’s wages, ......... 10 00 

Mortar, . 6 00 

Blacksmith^s work, ....... 10 00 


$476 16 

Chamber, 

18 M common brick, at $6, $108 00 

1{ tons railroad rails, . . . . . 60 00 

961 pounds round inch iron, at 4 cents, , . , 88 44 

Mason^g wages, , . 27 00 

Helper’s wages, 10 00 

Hortur, 12 00 

Blacksmith’s work, 6 00 

Ckimneif) 

16 M, bnek for stack, at $6, $96 00 

Mason’s wages, ...... , , 80 00 

Helper’s wages, 16 00 

1000 pounds iron, round and square, . . . . 40 00 

Blacksmith’s work, 6 00 

Moitar, . t , n 00 


$461 44 
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One-half cost of dust chamber and chimney for one fur- 
nace,^ . $230 72 

Cost of farnace, * . 476 16 

Total cost of one furnace, , * . , ^ $706 88 

The ohargmg bed is made on the level of the throat with six loads 
of roasted ore, coatainmg about 1500 pounds each, which is spread 
out over the charging floor directly behind the throat of the furnace 
The charging floor is 22 feet wide and 1 20 feet long. It is con- 
tinuous for the furnaces m both the lower and upper houses. Over 
the ore one load of about 800 pounds of cleanings from the front 
of the furnace is then spread. One load of the tips of the slag 
pots, containing foul slag, weighing about 1500 pounds, and one 
load, or 1200 pounds, of flue dust, mixed with clay, are then put on. 
This mixture of flue dust and clay consists of two-thirds of the 
former and one-third of the latter. The charging bed so composed 
is mixed with a shovel, and ten shovels of the mixture are charged 
to one basket holding about two bushels of charcoal, the size of the 
charge depending upon the heat of the furnace. 

The slag runs continuously over the spout on the fore- hearth into 
a slag-pot placed in front of the furnace. To keep it from chilling 
charcoal in small pieces is placed on the runner About four bushels 
per shift of twelve hours are used for this puipose 

The fore-hearth is always cleaned out just before tapping. Gen- 
erally it is cleaned twice in the course of the twelve hours. Im- 
mediately after the last cleaning it is tapped The tapping is made 
twice in twenty-four hours ; 90 slag-pots per shift of twelve hours 
are filled. About half the slag used in the furnace is rich slag, 
which is added for a flux. The matte runs into a casting-pit lined 
with a steep made of one part of burned clay and two of fine char- 
coal It IS about two feet deep and four feet in diameter. The 
matte is taken oS in disks as it cools, by means of hooks This is 
the best method of casting, as it brings it into thm sheets so that it 
can be easily broken Each casting'pit makes from nine to thirteen 
disks weighing about 1500 pounds apiece. 

A campaign in the ore and matte furnaces lasts from 40 to 60 
days. The men work on shifts of twelve hours m all the furnaces, 
the shifts changing at 1 am , and 1 p.m. If all the six ore furnaces 
were running on good ore, the output of the works would be not 
far from 500 tons of matte per month. The mine did not, how- 

* The dust chamber and chimney are for two furnaces 
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evesr, produce enough to keep more than two matte furnaces running 
ut July, 1880. 

The auaHsis oi this matte is gH’en belo'vv : 


Copper, 

lion, 



• 



. 28 41 
. 47 UO 

Sulphur, 


. 


. 

. 

22 08 

Alumma, 




. 


0 40 

Manganese, , 

. • 

. 


. 


. 0 24 

Lime, 



, 1 

, 


. 0 85 

Mai^iiesia, 

* , 

• 

. 



. 0 38 

ISihciaufe residue, 

* , 





0 67 


The slags flowing from the furnace are separated into poor and 
rich. The rich slags are put directly back into the furnace; the 
poor are sent to the dump heap. The analysis of the rich slag 
from both the ore and the matte is as follows : 


Copper, * . , , , 1 S5 

lion, . 40.8S 

Sulphur, , • . , , • • ,2 87 

Alumina, 4 84 

1 17 

Lune, . * 9 87 

Magnesia, * . 1 12 

SUieioua residue, * . 26 96 


These slags are a little more basic than a bibasic silicate. They 
are not, however, very infusible, owing to the large quantity of iron 
they contain. They flow freely from the furnace, bat are a little pasty. 
The analysis of the poor slag is given below. It was mado of 
a sample taken from the slag heaps of both furnace plants. The 
sample vas taken from all parts of the piles. It was collected in 
two carts, the whole of it crushed, and the sample for analysis taken 
from the crushed material : 


Cofper, . . , . 0 67 

Iron, . 4088 

Sulphur, . , • 1,82 

Aluniina, . . 4 29 

Mnngaiietoe, . , . , , * , , , ,111 

Lime^ ... 9 69 

Magnesia, ... * .1.11 

Sihuous residue, . . , . ♦ . . . , 27 66 


The poor slags do not differ essentially in composition from the 
rich, except in the quantity of copper they contain. They a#e gen~ 
erally produced a little before and at the time of casting. It would 
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be better if these slags were more acid ; they would separate mfjre 
easily and attack the sides of the furnace less, but the iron would 
not be so rapidly separated nor the matte so nch. It is the very 
large quantity of iron pi'esent which makes all the difficulty in 
working the furnace and causes the short campaigns. 

These slags run higher in copper than those made on Lake Supe- 
rior, but I think will hardly be made poorer vath the present fuel. 
If made with less copper the composition of the charge would have to 
be changed, or they would probably have to be submitted to a special 
treatment as at Pittsburgh, or be melted separately in a cupola as 
on Lake Superior, which would not pay. It would be much better 
to run the slags a little higher in silica, when more of the copper 
would probably pass into the matte. The slags in both these works 
are said to run as low as 0 25 per cent, m copper. 

The number of slag-pots required for each ore furnace is seven. 
These pots, as shown in the figure below, are made of cast iron with 





lugs on the sides, so that they can be easily caken up and tipped. 
They stand on three leg», one of which is at right angles to the 
plane of the other two, so that it stands firm, and so that whatever 
way it stands it can be easily taken up by the slag buggy. The 
total number of slag-pots filled in the course of twelve hoars is 
ninety, Fiom the ora furnace four of these pots will contain iicli slag 



40 rSVESTIGATIONS ON THE ORB KNOB COPPER PROCES3. 

Only two of tbe ore furnaces were working in the lower furnace- 
house at the time of my visit. They were working well, but I 
think there would be an improvement if the ore were more carefully 
sorted, The easting is made about once in eight hours. Twice in 
the interval the furnace is worked to get rid of the accumulations of 
iron which form in the lower part of the furnace. The first indica- 
tion Df a foul hearth is a foul slag. Whenever the matte runs over 
with the slag the furnace is sounded and the charcoal over the 
apron is taken off to remo%'e the obstructions. 

The slicking in the furnace is caused by insufficiently roasted 
ore, and too high a temperature, which causes an energetic reduc- 
tion of the iron, of which there is a very large quantity in the ore. 
When the obstructions are to be removed, the charcoal on the fore- 
hearth is drawn away, and the hearth worked with a heavy bar and 
sledges, and the accumulated material (charcoal, iron, and matte 
mixed) 18 drawn with a rabble over tbe side of the furnace, and cooled 
with water. This is repeated as often as necessary until the matte is 
cast. These half-melted masses of iron are put back into the fur- 
nace, if small, but if large are put to one side to be treated by them- 
selves. After the furnace has been cleaned the slag does not run 
again for an hour or more 

When the furnace commences to engorge the charge is let down 
(at 4 A.M.). At 8 A.M the furnace can be chiselled, which will take 
from three to fomr hours. The fore-hearth is then packed and the 
furnace filled with charcoal and allowed to stand from three to four 
hours and then charged. The furnace will be about twenty-four 
hours out The furnaces were formerly chiselled once a week ; it is 
now done about once in twenty days. The material so accumulated is 
always put to one side, to be submitted to the special treatment No. 5. 

The blast for the six furnaces, four ore and two matte, in the 
upper furnace-house, is a No. 6 Boot's blower, with a conduit-pipe 
18 inches in diameter. The engine uses one and seven-eighths cords 
of wood per day. For the four ore furnaces in the lower furnace- 
house a No. 4 Root's blower is used, and the engine uses one and a 
half cords of wood per day. 

Each furnace has one cliarger above and one below per shift of 
twelve hours, one slag-man, and one keeper. Besides these there is 
one slag-dumper for all the furnaces. The slag boy, in addition, 
picks the slag aud brings it back to the furnace. The carts bring 
all the slag necessary for a charge. 
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SMKLTIJSG THE OBE FOB SINGIE MATTES— TOTAL COST CHABGEB AGAINST 
AMOTTIST OF OKE fcMBLTED — LABOR AT FURNACE. 

Two furnacfi" keepers, at 00, . * . . . , , , . $2 00 

Two'fumace-cbargers, at 80 cents, , . . . • * . 1 60 

Two slftg-roUers, at 80 centi, .... , , 1 60 

Hauling ore, slag, clay, etc., to and from furnace, two men at 75 cents, 

one man at 60 cents, ...210 

Cost for keep of one horse and repairing cart, , ... 40 


$7 70 


Average ore smelted m furnace per day, IS tons. 

Cost per ton for labor, $ 60 

Cost per ton for charcoal, 64J bushels at 6 cents, .... 2 72 


Cost per ton for labor and fuel, $3 32 

Ore, 18,686 tons. 

Mattes, 4,326 tons 


Total 18,006 tons 

Amount of charcoal used, 979,938 busheH 

Number bushels of charcoal used per ton, . . , 54 J 

Cost of charcoal per bushel, delivered at furnace, .... 6 cents 


3. BOASTING THE SINGLE MATTES 

The matte is broken up and is roasted in piles. This roasting is 
carefully clone, but the same is true of it that was said of the ore roast- 
ing. The mattes require more fuel than the ore, and as they do not 
contain any arsenic or antimony, they could be roasted much better 
in a furnace, where they would be under complete control, than in 
piles, where they are exposed to the weather at all times. For this 
roasting there are three sheds, 240, 120, and 75 feet long, respect- 
ively, and 24 feet wide. The floors of all these matte sheds are 
paved with brick or stone. The piles are 14 by 14 feet, or about 
half the width of the shed, so that they can be turned from one side 
of the shed to the other. They are about five feet high, and as close 
together as they can be piled. There are fourteen piles in the long 
shed, and thirteen piles in the other two together. The pile is made 
by covering the floor of the shed with about two inches of fine char- 
coal, over which about one and one-fourth cords of good wood is 
placed, then one layer of large pieces and one layer of fine pieces. 

The quantity of wood to be used requires judgment, as the mattes, 
especially the rich ones, are very fusible, and are likely to become 
agglomerated, in which case they would have to be picked out, 
broken, and passed through another roasting, which is never so 
completely done on these agglomerated masses as on the original 
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mattes, which aire cast thin for the especial purpose of having the 
action of the roasting such that the sulphur may be driven off, even 
to the interior of each piece, w^hich can only be done when it is thin 
and flat. 

The matte is brought in carts to the pile and dumped on it, and 
is then broken on the pile with hammers to about the size of the 
fist. In breaking the matte on the piles small pieces of black copper 
are sometimes found in it. These are carefully picked out, Th*'^ 
black coi>per is formed mostly with the thin mattes from the next 
fuision As the ore is so veiy pure, and contains no arsenic and anti- 
mony, the formation of black copper with the mattes is of little con- 
sequence* If it was formed lu the ore fusion it would -contain n 
very large amount of iron and would mate very rich slags. Fortu- 
nately tliere is but \ery little of it. It is not kept separate from 
the other black copper, but is taken to the refining furnace^ 

the concentrated mattes are very fusible, they should be broken 
to veiy small pieces and scattered about over the pile, so as to be in 
small proportion in any one place, and m this way to avoid any 
danger of agglomeration. There is but a small quantity of these 
thin mattes, so that the danger from fusion is not very great When 
the pile is taken down all the fused or agglomerated pieces are 
picked out and' put to one side, to be broken and put into the next 
pile, with the matte not bufficieiitly roasted. The parts which are 
finished are red and honeycombed. They are laiger than they origi- 
nally were, but have about the same weight, owing to the absorption 
of oxygen. The pieces that are not sufficiently roasted are collected, 
and are put on the outside of the piles. 

It takes about five days to bum a pile, and the matte is roasted 
six times before it is ready far the furna<ie, taking about a month. 
From the first to the third roastings it takes ten days to finish each 
pile; the fourth and fifth, fifteen days each. As the piles occupy 
about half the width of the sheds they are turned from one side 
of the shed to the other, any agglomerated or large pieces being 
broken as they are transferred. Each pile contains about thirty- 
two tons. The number of piles required for the matte furnace is 
seventeen. One of these is being taken down fully roasted ; one is 
beihg Imilt with raw matte; two are being turned and fired every 
day by two sets of men. There are thus thirteen piles burning every 
day, and four not burning. Very often the material is taken to the 
fornace hot. One and a quarter cords of wood and eight bushels of 
charcoal are. used for roasting one ton of ore. 
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Two boys and one man are required to bring the matte. Besides 
this there are two men and one boy for each pile, to look after and 
turn it, or four men and two boys to do the whole work of roasting. 
One horse and two boys are employed in hauling the matte. 

The analysis of the roasted matte is given below : 

Copper, 

Iran, 

Sulphur, 

HaiigAiieiie, . 

Lime, 

Majyucfciia., 

Sihcious residue, * 

COST or ROASTING THB Sr^GL® AK1> DOUBLE MAlTEb. 


Labor each turning, 3 men at $0 75 each, . . , $2 2\3 

Wood “ 1 J cord at $1 85, . . . 2 

Charcoal 8 bushels at $0 05, . . . 40 


Cost of one file, $4 86 

Cost of SIX fire-^, , , . . . . $29 16 

Hauling to sheds, 2 men at $0 75, 3 horse and carl at 
$0,40, $1 90. 

One and a half day to each pile at $1 90 per day, , . 2 85 

Cost per plW of 64,000 pounds, .... . $32 01 

» ton, .... . $X 00 


18 26 
39 82 
3 38 
0 28 
1 10 
tiace 
14 50 


4. PaSION FOR BLACK COPPER* 

The roasted mattes are now fused for black copper and concen- 
trated or double mattes. Two furnaces w^ere constructed for this pur- 
pose, but only one of them was in use. They are exactly similar to 
ihe ore furnace^ except the presence of the dam-stotiey which Is hol- 
lowed out on the back side and underneath. The furnaces are of 
necessity low, on account of the very large quantity of iron, which 
would be reduceil if they were high. The pressure of the blost is 
three-fourths of a pound of mercury or twenty-one inches of water. 
The tuyeres are three inches lu diameter, and are made of bronze 
They have been in use for two years. 

In addition to the roasted mattes all the slags from the refining 
furnace — some of which, as will be seen by their analybcs, contain 
considerable nickel and cobalt — are added to the chaige in the fur- 
nace. The charging lied is made of three loads of matte weighing 
1700 pounds, one load of rich slag, and fifteen shovels of clay to 
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each load of ore It has been found necessary to add this amount 
of alumina in order to make poor slags. Nine shovels of the 
charge are made to one basket of charcoal; containing two bushels 
and weighing 18.5 pounds. The men employed are the same as in 
tlie other furnaces. The casting is done in pigs, which weigh from 
50 to 400 pounds, according to their length. The quantity of black 
capper produced m twenty-four hours is 3500 to 4000 pounds^ aver- 
aging about 85 per cent. The possible output of each of the two fur- 
naces is from 46 to 60 tons of black copper per month. The matte 
produced amounts to 3000 pounds, and averages about 65 per cent. 
This matte forms a thin coating on the top of the black copper, and 
is easily detached from it by a blow of the hammer. It is called a 
double or concentrated matte, or sometimes a thin matte. It contains 
considerable quantities of shot copper, but no attempt is made to 
separate this. It is not kept by itself, but is charged in the roasting 
heaps with the other mattes. Pieces of black copper are often 
attached to it, which are carefully picked out by the men breaking 
the mattes on the roasting piles. 

The shot copper in the sample of which the analysis is given 
below amounted to 1,04 per cent. When this was carefully sifted 
out the residue contained : 


Copper, 

. 


. 

a 


, 54 93 

Iron, 

. , • 


• 

, 


20 66 

Sulphur, 

. 


« 

. 


, 23 44 

Lead, , 

. . 



, 


. 0 60 

Mttuganeso, . 

. 


. 



0 06 

Lime, . 

. . 


, 



101 

Magueaia, 

* 

• 

• 

• 


. 0 18 


A little lead, only a slight trace of which appeared in the ore, 
shows itself heie. 

The black copper contained : 


Copper, 94,24 

Iron, ...#».** S,88 

Sulphur, 0 74 

Lead 0 02 

Lime, 1 35 


99 78 

These pigs are cast in sand, and as soon as cool are broken with 
sledges to get them into a shape to be easily handled, and to separate 
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the mattes, which form a thin film on the top, and are, for this rea- 
son, sometimes called thin mattes. 

The slags which flow from the furnace are caught in a slag-pot as 
before. About one hundred such pots are taken from the furnace 
in twelve hours. The four taken just before casting arealways rich. 
Occasionally a rich tip or knob will be found among the others, but 
this indicates careless working. 

The labor is the same as in all the other furnaces, except the labor 
of cleaning the pigs. 

COST OF SMELTING ROASTED DOUBLE MATTES 


2 Furnace keepers, at $X 00, . . * * 

2 Furnace chargers, at 80 cents, 

2 Slag rollers, at 80 cents 

$2 00 
1 60 
, X 60 

Labor per day, . 

Hauling to furnaces, mattes, clay, fiuxes, etc , 2 mf*n, 
cents , 1 horse and cart, 40 cents, 

. ^5 20 
75 

. SI 90 


$7 10 

Average amount of matte smelted per day, 13 J tons 

Cost per ton for labor, . . . . 

** charcoal, 54 J bushels at 6 cents, 

623 
2 72 

Cost per ton for labor and fuel, 

. $3 


5, TREATMENT OP THE SALAMANDERS. 

All the loupes and salamanders which form in any of the furnaces 
are treated in the winter season for the copper they contain. They 
are collected during the rest of the year, and are deposited on the 
side of the slag heaps. They contain a large amount of copper, and 
were formerly a source of considerable loss, since all the attempts to 
treat them as part of the ordinary charge failed. The treatment 
consists of oxidizing and then sweating them in a German hearth, 
made by taking out the breast of one of the black-copper furnaces 
in the upper furnace-house. The furnace is heated with charcoal, 
and the salamanders piled up against the tuyere side and covered 
with charcoal, and a powerful blast turned on. This serves to 
oxidize the iron, and in order to scorify it a little quartz is added. 
The product is a rich matte, which is treated with the other mattes, 
and a black copper, which is put with the other black copper Theie 
is about four times as much black copper as mattes* The slags are 
very rich, and contain at hmt 1 ^ per cent, of copper, and are treated 
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with the matte in the furnaces. They run out 5a a stream on the 
ground. The furnace is charged three times m the twenty-four-hour!?. 
When the charge is exhausted the matte and prg copper are removed 
and a new charge put in. The cost in twenty-four hours is, two 
men at |1 per day, two at 75 cents, and 300 bushels of cbarcoah 
The repairs to tools cost about 25 cents per day. About two ton^ 
of salamanders are smelted in this way in twenty-four hours This 
work IS only done in the winter-time, as the men at any other season 
would be greatly inconvenienced by the heat. The blast used is at 
about half a pound pressure. 

0, REPINING PIG COPPER. 

The refinery furnace, Plate 3, is a reverberatory adapted for 
wood, and holds a charge of 10,000 pounds. It is thoroughly 
braced with iron to prevent cracking from expansion. The out- 
side is built of ordinary bnek two bricks thick ; the inside aiiid 
roof are made of firebrick. The fireplace is made for wood, aud 
is really a wood gas-pioducer. It is 4 feet 6 inches long by 4 
feet wide. The top of the giate bars is 6 feet 3 inches below the 
roof, 4 feet 10 inches below the budge, and 3 feet 8 inches above the 
ash-pit. They are made of rails supported on two iron supports. 
The roof of the furnace is continued over the-ash pit up to 20 inches 
from the end wail , from here the fireplace rises 3 feet 8 inches with 
a width of 20 inches to within 14 inches of the top, where it is nar- 
rowed to 14 inches. The total depth of the fiieplace al>ove the 
grate-bars is thus 10 feet* It is covered on the top with a heavy 
iron door of the whole width of the furnace, counterpoised so as to 
be raised with the least expenditure of time and force. The fire- 
bridge IS 4 feet 6 inches long and 2 feet 2 inches wide, and 14 
inches below the roof. The laboratory is 10 feet long, 4 feet 6 
inches at the fire-bridge, and 7 feet in its widest part. The hearth 
melius from the bridge on all sides to the working door under 
the flue, where there is a small sump just large enough to admit 
of the ladle being put in it to take out the last traces of copper. 
The height of the roof is uniformly 2 feet 3 inches over the 
whole surface of the hearth except to within 2 feet of the flue, wher^ 
it dips to 18 inches at the flue* The flue is 14 inches wide and 
4 feet above the level of the working door* The area of the fire- 
place is 16 square feet, that of the hearth 36 square feet; of the 
bridge 9 square feet ; of the furnace-flue 4 square feet, and that of 
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the mam flue 8 square feet. Their relative relations are therofore 

As there is not sufficient pig copper made for continuous running, 
tUe flunaee is lighted once a week; this is a bad plan, both for the 
working of the furnace and for the economy of fuel* When cold it 
must be heated from eight to nine hours to get it into condition to 
receive the charge* It is beside much more difficult to make good 
copper on a freshly-heated liearth. It would be much better to 
allow pig-copper to accumulate uotil there was enough of it to make 
a continuous run for some time. This would botli improve the 
quality of the copper and diminish the expense m fuel. 

When the furmace is brought to a white heat the hearth is re- 
paired by filling up any cavities that may have formed in it with 
sand, l>eating it down, and making tho sides and bottom with an 
even slope towards the sump under the flue, Wlien this has been 
done the temperature of the furnace is lowered by opening all the 
doors. When it is reduced to a red heat the pig-copper is charged 
through the charging door on the side, and so distributed over tho 
hearth that it will be easily reached by the heat. The charging-door 
is then closed and luted, and the temperature raised to the point of 
fusion. 

It takes four men one hour to charge the furnace. It takes from 
five to SIX hours to melt the cliarge ; the first skimming is then 
i^ade. The analysis of this slag is given (No. 1) in the table below. 
The charge should be melted slowly m order to get the greatest 
amount of oxidation at this stage, so that the foreign metals may at 
Qnce combine with the silica. The slags are not drawn until they 
cqvcr the whole bath. These skgs are pasty, and are drawn off with 
an iron nibble 

Tlie operation of refining, after the metal is in fusiony consists of 
three distinct phases, fining, refisning, and ladling, tho first one of 
which, the fining, now commences. 

The charge, after being crassed, is subjected to a very strong 
oxidizing atmosphere, m order to slag out the impurities which rise 
to the surface in the shape of slags and crasses, more or less charged 
with copper, but all rich, which are carefully put one side, to be 
treated in the pig-copper fusion. These slags are skimmed as soon 
as they form in sufficient quantities, and in the intervals the charge is 
rabbled to make the oxides come to the surface, every twenty-five or 
thirty minutes, from three to twelve hours, until it boils from the 
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evolution of sulphur* This is owing to the fact that it has been im- 
possible to separate all the matte from the pig-copper before it goes 
into the furnace. It is allowed to boil as long as it will^ generally 
from one to three hours. When it ceases to boil there is no more 
sulphur present^ and it is rabbled from three to five hours, and 
crassed whenever necessary. 

The crasses consist of a very friable material, which contains a 
considerable amount of metallic copper in the shape of grains. Four 
samples were taken at the hours indicated in the table. The analyses 
of these are given below : 


AKALYSES OF THE REFINIJSra GRASSES AS A WHOLE 



No 1 

No 2 

No 3. 

No 4 


Six hours 
after 
charging 

7 pm. 

2 AM 
boiling 
ceased. 

After first 
poling 

Metallic copper 

4050 

26 90 

48 50 

30 00 

Oxide of copper 

15.19 

12 79 

2445 

31 77 

Protoxide of iron . 

26 50 

SO 88 

891 

1087 

Sulphur 

2 77 

1.37 

023 

on 

Alumina 

066 

123 

033 

063 

Manganese „ 

006 

016 

004 

0 06 

Lime ... 

117 

2 70 

1S5 

202 

Magneeia. . . . . . 

trace 

0 52 

017 

031 

Cobalt 

042 

127 

a88 

109 

Nickel ... 

016 

137 

586 

203 

21no, ..... 

036 

062 

000 

014 

SliiCA 

12 72 

2039 

694 

19,94 


10061 

mao 

10016 


Total metallic copper contained 

640 

3826 

700 

6a21 


The metalhc copper is in grains , the oxide of copper is mostly combined 
with sUica, and partly free as oxide 


HEOHAHICAL AKALYSls OF THK REFISTniTG CR ASSES 



1 

2 

3 

4 

Metallic cApper . 

. .. 403 

269 

485 

ma 

Siftings 

.... 596 

781 

516 

70 0 


AMTAXYSES OF THE 

SIFTINGS, 




No 1. 

No. 2 

No. 3. 

No 4 

Copper 

. , . 22.67 

16 64 

42X6 

4030 

Iron . 

84 64 

32.85 

13 48 

32 08 

Sulphur.. . . 

4.66 

187 

044 

016 

Alumina .. .. , 

.. Ill 

1,69 

UOi 

0 90 

Manganese. . . . 

. . 010 

0.22 

008 

0.08 

Lime 

1.97 

370 

2 63 

289 

Magnesia. 

. .* trace 

071 

033 

044 

Cobalt . . . . , , 

071 

174 

7.53 

166 

Nickel 

027 

187 

10.41 

29U 

Zinc 

.... 060 

085 

000 

0.20 

Silica , 

2138 

27.89 

1847 

28 48 
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The copper and iron contained in the above analyses correspond to • 

No 1 No 2 No 3 No 4 

Osifle of coppei Cu^, 25 63 17 60 47 48 45 39 

Protoxide of iron, 44 54 42 24 17 31 15 53 

The results of these analyses are remarkable The analysis of the 
ore, p 28, showed only from 0.8 to 1 2 per cent of nickel and 
cobalt. The ores are thus very poor in the^e metals. The slags, 
as a whole, show 0 58 per cent, in slag No. 1 ; 2 64 per cent, in No, 
2 , 9 24 per cent in No. 3 ; and 3 12 per cent in No 4, No 1 is 
a bibasic silicate, No. 2 contains a little more silica than No 1; 
No. 3 IS a tnbasic silicate, which contains a little more base than a 
neutral silicate. They are all lower in silica than is desirable. 

The siftings show 0 98 per cent, in No. 1 , 3 61 per cent in No 
2; 17 94 per cent, in No. 3; and 4.46 per cent, in No, 4, which 
shows that the cobalt and nickel are concentiated in the refining 
slags continuously up to the point where the sulphur disappears, as 
shown in No 3 When the last slags are taken off* they are quite poor 
in cobalt and nickel, and the copper contains no trace of these metals, 
showing that if theslags were tieated as usual, by being put back into 
the black-copper furnace, the cobalt and nickel would be entirely lost. 
This fact, so far as I know, has never been noticed before The 
amount of the slags taken from the furnace is small, but they should 
be separated^ as the cobalt and nickel are valuable in themselves, and 
are only impuntiea in the copper. 

When all the slags have been removed the atmosphere of the 
furnace is still kept oxidizing, in order to remove any trace of im- 
purities except a very small amount of silver and lead. The metal 
is rabbled and test pieces are taken m order to asceitain its exact 
quality. As this stage — the taking of tests — is the most important 
part of the operation, great care was exercised in doing this, and 
three sets of sample^ were taken to determuie the exact condition of 
the furnace at these different periods. The analyses of the three 
sets taken during the rabbling are given below for two sets, and six 
samples for a third. These all show remarkable freedom from im- 
purities of every kind. The dark-red samples were taken as the 
rabbling was carried on, from No. 1 to No 6 , the first one after 
two hours^ rabbling, the second after three hours, the third at three 
and a half hours, and the others from fifteen to thirty minutes each, 
till the impurities were completely oxidized* 

VOL X — 4 
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riRST set; bark bed surfaces 



No 1 

No 2. 

No S 

No 4 

No 5 

No 6 


4 am 

5 am 

6 am. 

7 am 

8 am 

9 am 

Oxygen, . 

1 32 

121 

121 

138 

1.28 

1.53 

Sulphur, 

none 

none 

none 

none 

none 

none 

Silver, 

0 05 

0 05 

0 05 

005 

005 

0 05 

Lead, 

none 

none 

none 

none 

none 

none 

Copper, by difierence. 

98 63 

9S.74 

9SJ4 

98 57 

98 67 

98.42 


The second and third sets were taken at much longer intervals ; 
their analyses are given below : 


SECOKB SET WITH BLACK SURFACES. 


Oxygen, 

No. 1 

. 0 34 

No. 2 

0.29 

No 3. 

0 29 

Sulphur, 

. . . none 

none 

none 

Silver, . 

. 0 05 

0 05 

0 05 

X.ead, . 

, . none 

none 

none 

Copper, by diference, 

. 99 61 

99 66 

99 66 

Oxygen, . ' . 

THIRD SET 

No. 4. 

. 1 38 

No 5 

1 44 

No 6 

1 52 

Sulphur, 

. . none 

none 

none 

Copper, by difference, 

. 98 56 

98 50 

98 42 


The value of silver in all the rabbling samples corresponds to 
14 6 ounces to the ton of 2000 pounds 

The operation of rabbling is continued for some timCj in order to 
make sure that all impurities possible shall be separated as oxides, 
for which reason considerable oxide of copper is formed. This oxide 
dissolves readily in metallic copper, making the test pieces bright 
red. When the operation of rabbling is finished this oxide must be 
separated by a process of refining, for which purpose poling is re- 
sorted to. The operation of fining is one of oxidation. As very 
small percentages of oxide of copper dissolved in metallic copper 
make it useless for commercial purposes, it must be reduced with 
the greatest nicety by a carefully conducted process Of reduction. 

When the assay shows that the impurities are oxidized, the rab- 
bling is discontinued^ and the operation of refining, which is one of 
reduction, is commenced. For this purpose a green or very wet pole 
is put into, the copper and held iu it, supported on a wooden crutch ; 
all the airholes of the furnace are stopped tight, and the poling is con- 
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tinned until the slag is thick, generally two hourSj so it can be skimmed 
off. The copper is then covered with charcoal and a fresh pole put m 
about 10 am*, when samples are taken; the first one half an hour 
from the time the second poling commenced, beginning at No* l,and 
the others during the poling, every 15 or 20 minutes, till the copper is 
tough pitch, which generally takes about an hour* The samples are 
bright and shining. 

The analyses of two sets of these samples is given below r 


FIRST SET 




1st Poling 

2d Poling 

Castinj 

Oxygen, 

, 

0 61 

0 26 

0 24 

Oonper, by difference, ’ 


. 99 U 

99 68 

99 70 

Silver one determination for all, 



0 06 

Lead, “ 

(1 



trace 


The silver corresponds to 17.6 ounces to the ton of 2000 pounds* 


SECOND SET WITH BLACE SURFACES 





1st Poling 

2(i Poling 

Casting 

Oxygen, 



0 20 

0 60 

0 26 

Silver, 



0 05 

0 05 

0 05 

Lead, 

. 


♦ none 

none 

none 

Copper, by ditTerence, 


. 

99 75 

99 45 

99 69 


The silver corresponds to 14,6 ounces to the ton of 2000 pounds 
As soon as the test shows the proper grain and silky lustre the 
metal is cast into ingot moulds by means of iron ladles covered with a 
wash of clay in water. These are first put into thefurnaoe to bring them 
up to the proper temperature, during which time a piece of sheet- 
iron is put over the door* If put into the copper cold some of the 
copper v^ould adhere and would have to be detached. After a time 
the ladles get too hot and are coated with a film of copper. To re- 
move this they are plunged into water. The skull, owing to the 
wash of clay, is then easily separated. The ladles are recoated with 
clay. Tliey contain about ingots of copper, which weigh from 
13 to 16 ponnds. The ladles last four mouths; they are then cut off 
the handles and new ones welded on* The old ladle is worthless as 
iron, as it oontams so much copper* The ladling takes two hours. 
It is necessary to heat up the furnace at least once during every oper- 
ation of the casting, when the furnace is out of repair, but when new 
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it is not heated after the ladling commences It takes four men to 
ladle, two men to tip, and two boys to pick out the mgots from tlie 
water-bosh. During the dipping the blacksmith, whose shop is near 
by, comes to assist. 

The man who tips the moulds stands on one side of the water- 
bosh with an iron rod, with which he picks off from the surface of 
the melted copper any specks which may float there which would 
render the ingot imperfect. It is his duty to tip the ingots, as soon 
as they are sufficiently cool to allow of it, into the water-bosh. 

It IS essential that the casting should be done at the lowest pos- 
sible temperature, and that the bath be covered with charcoal. In 
order to have a reducing atmosphere every precaution should be 
taken to have a complete combustion of the fuel, and no oxygen m 
the furnace. This is often not the case, and the copper is frequently 
cast from under a thick film of oxide of copper. 

Seven cords of wood, one-third of which is chestnut, and the rest 
oak, IS used in twenty-four hours. 

The refining furnace was in such bad order that the results varied 
very much. The copper is consequently not of even, though always 
of high quality, and, as will be seen by the analysis of tiie ingot 
copper given below, the copper is often purer at the last stages of 
poling than in the ingot. That the ingots vary in the amount of oxide 
they contain could be seen by the eye, but this was owing to the 
accidentally bad condition of the refining furnace. 

The operation of casting or ladling is very difficult, and can only 
be well done under the very betst conditions. As the appearance of the 
ingot — the heat being uniform, and the copper being good, to com- 
mence with — depends on the way it is ladled, pains should be taken 
not only to drill men for the purpose, hut so far as possible to keep 
the same men at the woiks. An inexperienced man will splash the 
copper, which produces inequalities of color on the ingot anil bubble- 
holes. The casting should be made by pouring quietly, so as to pro- 
duce the least possible motion in the metal, and this should continue 
until the last drop is out of the ladle. Many of the dippers scatter 
the last part of the copper, so that it often spatters as a ram into the 
next moulds. 
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COST OF BEFlNIN<i PIG GOPPrR 

Fiodtx/i&l fiom Matte Fui-nace, in Ch/irtfes of 10 000 Poimdfi, fielding 80 per cent 


Fine Coppn 

Two furnace keepers, at $1 25, 50 

CaUing, chaiging and packing, five men, at 75 cents, H 75 

Fuel used, eigUl cords of wood, at $1 70 per cord,^ 13 60 

Fuel used, thirty-three bushels charcoal,! 

Satid and poles, * ^ . 26 


Cost of labor and fuel, each charge producing 8000 pounds of 
fine copper, $20 10 

Cost per pound for redning, 25 

OTHER HAIty K-^^FFKSLS 

One supenntendent, $3 31 

One watchman and night boss, , , . 1 25 

One blacksmith, . X 00 

Four engineers, at $1 10, each, 4 40 

One weighman, , 75 

One charcoal receiver, , * 1 54 

Two dump Enea, at 75 cents, • . 1 50 

One- stamp man, . , 75 

One carpenter, . . , » 1 00 

$16 52 

Average amount ^melted daily, . 50 tons 

Cost per ton for labor, as above, . . 31 cents 


The cost for soapstone^ fire-bncfe, materials^ tools, cUy^ etc , during 
fifteen months was $6001,03, or an average co^t of 33 J cents per ton 

SUMMARY, COST OF SMELTIlsQ PJrE TOX 


Roasting the ore, labor and fuel, ,, , $ 0 

Smelting nianed ore, labor and fuel, » 3 32 

Roa-sitiiig ‘Single and double mattes, labor and fuel, 1 00 

Smelting roasted mattes, fuel and labor, 3 24 

Refining pig copper as each ton of the oie yielded 105 poundv line 
copper, the cost per ton of oie would be, , . » 26^ 

Superintendence and other expenses, as itermised, per ten, , 31 

Repairs and materials, tools, etc , , 3SJ 


* Wood costs here ti 85 for all selected oak, $1 65 for mijced wood, and $1 50 
for soft wood, per cord, and has been averaged at $I 70 
f The charge for charcoal u^ed in lefining was included in the average taken 
of the coal used per ton of ore smelted, and has been charged once against Ihe 
ore* 
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Til order to see exactly how the copper compares with other cop- 
pers, ingots from Lake Superior and Baltimore were analyzed and 
tested. 

The analyses are given below. 


Metallic copper, . • , , 

Oxygen, 

Sulphur, , , . , . 

Sliver, . . 

Lead, 

Arsenic, . , * • 

Antimony, 

Silver, m ounces, to ton of 2000 pounds, 


Ore Knob Lake Superior Baltimore 


99.80 

99 830 

99 660 

0 39 

0 150 

none. 

none 

none 

none 

0 05 

0 026 

0 066 

0 01 

0 016 

0 044 

none 

none 

0 088 

none. 

none 

0 036 

100 25 

100 022 

99 893 

14 6 

78 

19 75 


It thus appears that the amount of oxide of copper in the first 
casting sample was 0 24 per cent.; in the second, 0.26 per cent.; 
and in the ingot analyzed, 0.39 per cent ; amounts which, although 
’{"ery small, are sufficient to make considerable difference in its value 
in the arts. The reputation of Lake copper is chiefly owing to the 
very small quantity of oxide of copper which it contains. The 
amount of silver is small, and though higher than in the Lake 
copper, IS much lower than in other commercial coppers that I haxe 
examined. 

The tensile strength of the Ore Knob copper was found to be 30,660 
pounds, and that of Lake copper 30,790 pounds to the square 
inch. The difference is altogether insignificant. 

The store yielded a profit of |34,684 60 during the fifteen months 
ending April 1st, 1880, which, on a product of 17,920 tons of ore 
treated, reduced the cost of the ore to $1.93J per ton. 

The cost of producing the copper, independent of the store profits, 
is very low, and this is owing both to the extreme purity of the ore 
and the very low price of labor and materials. 

b^sumA 

Ore mined, from January 1st, 1879, to April 1st, 1880, 

Ore smelted, from January Ut, 1879, to April Ist, 1880, . 

Fme copper produced, ... . . 

Copper matte 


, 21,228 tons 

. 17,920 

. 1,640,760 pounds 
244,826 “ 


Qross yield, • . 


. 1,886,075 
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Pi no copper per ton oi ore 
Administration, 

treated, lO&jV pounds. 

$303 S3 

Dressing, 

• f • 

725 70 

Furnace labor, 

* . 

1828 70 

Outbide work,— engineer**, machinists, and blacksmiths, 

568 21 

Underground labor, . 


1631 &$ 

Copper bUpptie®, 

. 

45 58 

Provender, 

. . 

. 646 75 

Transportation, 

* 

671 (10 

Miscellaneous, , 

. * ... 

, 91 92 


Trial Ijalance in 1880, on a run of fifteen months, to April Isfc, 
1880; 


production, 
Construction, 
General expenses, 


$202,658 51 

2,601 m 

4,703 04 


Total, , . . . $209,957 64 

Cost of copper per ^lound, from JaGnar;y, 1879, to 
April, 1880, , cts ^ 

Profit of store, from Janiuuy, 1879, to April, 1880, $34,684 60 

Amount of copper shipped, • 1,640,750 lbs 

Cost of copper per pound, less store piofits, 

Total copper shipped, , 1,609,287 lbs 


TOTAL COST 


3>EBIT 


CKEDIT 


Gonslruction and supplies, 

$122 83 

Store accounts, 

$79,264 48 

Copper works, 

66,443 65 

Heal estate, 

60 00 

Labor accounji, 

99,632 47 

Live stock, t 

871 00 

^Eine supplies, 

8,499 24 

Balance, 

174,478 06 

Fiovcjider, 

6,468 86 1 


Wood, . 

11,494 71 j 



Expense account, . 

47,703 04 j 



Tianapoitation, 

19,799 24 



Total, » . 

$254,163 54 

Total, 

S254,lt)3 64 


In conclusion, I beg to express ray thanks to Mr. J, E Clayton, the 
general manager of the works, who gave me every facility to collect 
information, and prepaied himself a number of the tables of co^t; 
and to Captain John Dent, tlie superintendent of the smelting works, 
for information given to me at the works and since my return 


* Including all charges, freight, ^etc 
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Discussion. 

In answer to questions Professor Egleston replied as follows; 

With regard to the treatment of the iron containing copper^ the 
teniperatuie requn*ed for the purpose is so high that the men would 
hardly be able to endure it ui any other season than in the coldest 
winter weather. 

As to the presence of gold in the copper ores of the South I 
should not like to state it as a rule applicable in every case, but in 
the instfinres which have come under my observation the free mill- 
ing gold Ores of the surface have turned into good smelting copper 
ores containing gold, when they have reached water. There has 
always been a theory which has been too generally believed, that 
the gold ores of the South all give out in depth It is certainly 
true that they do give out as free milling ores, but I am inclined to 
believe that they will make good smelting ores below 

The copper ores have not been treated in the wet way of late, be- 
cause there is too much lime in them. As a general rule the ques- 
tion whether an me can or cannot be treated comes eventually to 
a question of transportation. Even with bad loads or high freiglits 
a rich ore can be treated by any process, while a poor ore can only be 
reated by a wet piocess under the most favorable conditions, when 
no portion of anything but the availxible material (which, in this ease, 
would be copper) is attacked by the reagents. 

Sulphuric acid has not been made in these works because the 
gangue of the ore is pyrrhotite and contains too little sulphur, and 
there is no market for the material that would be manufactured as 
a by-product. A large district around the works is a desert, for it 
IS impossible to make anything grow on account of the destruc- 
tive influence of the sulphur in the smoke. Sooner or later this will 
have to be condensed, and the weak and mother liquors of the acid 
whi<jh will be made, can be used on the poor ores, of which there 
are from twenty to thirty thousand tons lying broken on the sur- 
face, and a very large amount in the mine. This, however, would 
involve a market for the sulphuric acid, which is out of the question 
at the present time. The question is an important one, however, 
for the near future, as the absence of arsenic and antimony in the 
ore would make the acid salable, if there was only sufficient enter- 
prise to get the transportation, or to manufacture some marketable 
product which would bear the present or future high rates With 
chalcopyrite and pyrites for a gangue, either the one or the other 
being in large quantity, the acid could be made ; but the copper in 
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the residues from the roasting for acid should pay for its own smelting. 
In some of the southern counties of Virginia the proprietors of some 
of the mines are now contemplating the erection of large works for 
the manufacture of sulphuric acid and other chemicals. The whole 
question, however, is still being studied, and ft is a little doubtful 
w^hether, even at the low rates at w^hich the pyrrhotite can be mmedj 
it can successfully compete with the imported sulphur. 

The main difficulty in the South is the transportation Many of 
the railioads have what may be justly called the modern craze of 
thiough freights, and do not stimulate or encouiage their local 
traffic If it were commercially possible to have chemical works in 
the vicinity of tlie ores, the proprietors of the copper wmrks could 
well afford to pay a very considerable percentage more for the roasted 
coppei ores than for the unicasted ones, and would be only too glad 
to pay the chemical manufricturers a large profit for taking the sul- 
phur out. This establishment of chemical works would solve m 
certain districts, not only of Virginia, but of other Southern States, 
the question of the treatment of the pool coppei oies which now lie 
idle. They cannot be concentrated because the difference in density 
between the pyrrhotite and the cbalcopyrite is so small that nothing 
would result from this treatment. The time must shortly come 
when wet processes must receive more careful attention in the East. 
There is, however, a fear that they may receive less, owing to the 
very large amount of copper ores which are now being found in the 
western parts of the country. 


THE ELECTROLYTIC DETERMINATION OF COPPER, AND 

THE FORMATION AND COMPOSITTON OF SOHALLED 
ALLOTROPIC COPPER. 

BY B. MACKIKTOSH, HOBOKEN, N J. 

The quantitative determination of copper, by means of electro- 
deposition, offers so many advantages, that it is to be preferred, when 
properly executed, to all other methods for ease and accuracy The 
object of the present paper is to give the results of a number of ex- 
periments made during the past few months, and to indicate some 
sources of error, which must be avoided in order to attam the neces- 
sary accuracy. 

In 1867, C. Luckow, in competition for a prize offered by the 
directors of the Mansfield Copper Works, submitted the following 
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proct^'ss for the estimatioa of copper, and received, not indeed the 
prize, but an honorable mention for the simplicJtj, cheapness, and 
elegance of his process. He directs that the copper and the accom- 
panying metals be obtained in the form of nitrates in solution in 
dilute nitric acid containing not more than 0.100 gram of the pure 
acid in each cubic centimeter; to this solution is added a few drops 
of a solution of an organic acid, such as tartaric or oxahe, and the 
copper is then precipitated on platinum in the usual manner. It is 
claimed that the copper is obtained in beautiful leguline form, while 
zinc, iron, and nickel are not precipitated at all. 

In adapting this method to the analysis of copper alloys, f dis- 
solved the alloy in nitric acid, evaporated the solution to dryness 
to get rid of the excess of acid, dissolved the residue in water with 
the addition of a few drops of nitric acid, to dissolve the basic nitrate 
of copper formed, and to this solution added four or five drops of a 
concentrated solution of citric acid. This solution was then precipi- 
tated in a platinum dish with a current; from two Bunsen cell^ of 
about one quart capacity. In precipitating several samples at once, 
1 have it arranged so that the whole cturent traverses the row of 
dishes, the negative pole of each set being connected with the posi- 
tive pole of the next succeeding one. In this case if n be the num- 
ber of dishes, then w+1 is the mirnber of battery -cel Is of that size 
used. 

Some of the results obtained by this method, and on duplicate 
portions by precipitation from sulphuric acid solution, are as follows : 



Sulphuric Achl. 

Xitnc+Cifcric Acid 

Error 

1 gram pig copper, 

... 98 00 

99 

+1 42 

u <<. 

99 80 

101 

+1 42 

li u 

.... 9392 

100 41 

H-l 49 

it (( 

98 73 

100 !27 

+1 m 

it a 

..... 99 60 

100 45 

“J”0 8o 

1 gram bra«is, . . 

r>6 8S 

66 93 

-f-l 10 

U tl 

..... 6583 

66 58 

-1-0 7.> 


In only one case was a smaller percentage obtained by the use of 
this method, and in that ease 'the precipitation of the copper was not 
complete. In many cases, also, in which the amount of error was 
less than one per cent., small quantities of copper escaped precipita- 
tion and were afterwards found in the solution. 

The metallic precipitate thus produced is of a much lighter color 
than ordinary copper from the electrolysis of the sulphate solution, 
but it is, as Luckow says, dejxisited in beautiful reguline form, 
which, however, hardly compensates for the error of perhaps one 
per cent, or more, which we see is, as a general rule, the case. 
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Moreover^ if the current is strong, after all the copper has been 
thrown down, zinc will be deposited on the surface of the copper, as 
a dark coating, which may be recognised as such by dissolving in 
dilute sulphuric acid and applying appropriate tests. 

In the presence of the organic acid the formation of peroxide of 
lead on the positive pole is hindered, and in its absence it is very 
difficult to precipitate the whole of the copper from the solution. 

Id order to obtain sufficient matenal for analysis, to ascertain the 
cause of the excess in weight, the precipitation of the copper was 
made on a piece of platinum foil On attempting to strip the de- 
posit from the foil, I found that it was extremely brittle, and sealed 
oflP easily; so brittle, indeed, that it could be reduced to an impal- 
pable powder in an agate monar with very little trouble. This 
agrees exactly with the description of the allotropic copper of M. 
P, Schutzenberger, which w^as published m OompieB BenduSj Vol. 
86, part 2. M. Schutzenberger obtained the material he describes 
by the electrolysis of a ten per cent solution of the neutral acetate 
of copper He found that the product contained from five to ten 
per cent, of snboxide of copper^ In the material which I prepared 
from the nitric and citric acid solution, I did not find any suboxide 
of copper; on the other hand, both carbon and hydrogen have been 
detected and estimated. These latter were determined by combus- 
tion of the finely divided sample in oxygen ; the method used to 
estimate the suboxide of copper was that of Hampe,**' However, 
oxygen is present, though as this test shows, not as cuprous oxide. 

The results of the analyses of several samples, prepared at different 
times, are given below. The determinations were all made on the 
amount of one gram : 



a 

b 

c 

d 

e 

f 

8 ^ 

Carbonic acid 

0273 

03ie 

0850 

0341 

0322 

0324 

0346 02S3 

Equivalent to eo^bon 

.00744 

00862 

.00054 

.00938 

0088 

.0088 

0094 .00771 

Water 

0094 

0308 

0089 

OOIM 

0054 

0045 

0074 0054 ! 

> Eqnh alent to hydi ogen 

.00104 

00120 

.00100 

00104 

.0006 ' 

.0005 

0008 ® .0006 

Ratio of carbon to li j droge n 

715 

710 

i 

OM 1 

90 

14 6 

in 

1146 1242 

Icepper 

i 



.0683 

9687 




[ 

(Total 



.97884 

9791 ® 




* Zeilbchrift fur Chemie 

, 1878, E 

) 127 
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The results which are bracketed are from duplicate analyses. These 
samples were all prepare<l from the nitric and citric acid solution, a, 
?>, and e d were piepared simultaneously, the solution of b containing 
a little more citric acid than that of a, and c d more than either. The 
samples c,/, and h were heated to about 100^ C, for fifteen minutes 
before being introduced into the combustion-tube, and the samples 
c, d, e, ami / were the same. The results given under h are low, 
probably due to imperfect oxidation. 

It will be seen that there is a deficiency of .02116 and .02088 
respectively in the total of the duplicate analyses e and rf. The pie- 
caution was taken in one case, of passing the products of the com- 
bustion over a red-hot layer of oxide of copper, to make sure that 
no hydiocarbon was distilled out by the gradually increasing heat 
and so escaped oxidation. The results in this case, however, differed 
ill no mateiia) manner fiom those aheady obtained. We conclude 
therefoie, that this deficiency must consist either of oxygen or 
wtrogeUy or of a mixture of both, T have alread}" mentioned that 
there is no oxygen in the form of cuprous oxide present, so that it 
must, if piGsent, bo combined in some other form. The following 
synthetical experiments seemed to indicate that nitrogen was also 
an e=?scutial constituent. 

These experiments were conducted as follows : Solutions wwe pre- 
pared of nitrate and of sulphate of copper; to these solutions were 
added respectively, ciii'ic acid, tartaric acid, and alcohol. All 
three of the solutions of the nitrate furnished the brittle deposit, 
while all three of the sulphate solutions gave a tough deposit of aji- 
parenlly ordinary electrotype copper. The amount of copper was 
determined in 1 0008 grams of the precipitate from the sulphate solu- 
tion containing aeohoi, and found to be 0.991)1. This difference is 
probably due to impurities in the copper, wdiieh was prepared in the 
first place from the wmmercml sulphate, which contained lead and 
other impurities. 

Inuring the electrolysis of the nitrate solutions containing citric 
acid, a very strong odor of hydrocyanic acid was perceptible. 

If an insufScient amount of organic matter be added, the precipi- 
tated copper obtained is not brittle, but it nevertheless contains 
carbon and hydrogen and gives a total result less than 100 pei cenL 
This is due to admixture of ordinary copper It is not possible to 
divide such a precipitate sufficiently finely to insure perfect oxidation. 

The amount of nitrogen present in the nitric-citric precipitated 
copper, was determined by heating the finely pulverisscd sample in a 
vacuum and collecting the gases evolved. The products thus ob* 
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tamed were hydrogen, carbonic acid, and introgen. When heated 
in an atmosphere of oxygen, insuffieient to completely oxidize the 
copper, the product*^ were watei, carbonic acid, and nitrogen Al- 
though in this case it was piobahle that an excess of oxygen would 
be present, yet the analytical results showed the absence of that gas 
in any appreciable quantity. 

The volumes given are those of the dry gas at C and 760 mm. 


1 ffram lieated in Yauuo 



>4 gram tn Oxvgen 

1 35 gram in Oxygen 

Gas obtained, 

9 96 c 

c 

8 23 c 0 

17 V2 0 0 

CO_^ absorbed by KOH, 

4 72 

a 

7 85 ‘ 

15 70 '■ 

Gas not CO^ 

5 23 

It 

0 88 “ 

1 82 “ 

Oxygen added, 

7 77 


These residues treated with moist phos- 


— 


phorus to absorb 

oxygen, and then witli 

VoUime after explosion, 

13 00 

•i 

KOH, did not change, proving, tbe ab- 

7 44 

u 

sence of oxygen 



— 


Tbe eircumstances of fortnation were 

Loss— Wat^r, 

6 5a 

t.4 

such as to preclude tbe existence of hy- 

No COgiormed I{^d?ogm, n 71 


drogen, therefore these residues must be 

Residue NtJ:roffen^ 

1 52 

ti 

nitrogen 



The percentage lesults in the foregoiug three eases aie respectively 
for nitrogen 0,191, 0 221, 0 199 , and in the two last for carbon: 

0 792, 0 736 ; the ratio of ^ being S 6 and 3.7. 

One sample of the product, made with tartaric acid, weighing two 
grams, was also analyzed tor nitrogen, and one cubic centimeter of dry 
nitrogen at 0^ C and 760 mm obtained. It is difficult when work- 
ing on such small quantities of gas, to obtain very accurate results. 

Some of the alloirapie copper prepared fiom the chemically pure 
acetate, according to M.Scliutzenberger’s directions, and which there- 
fore could not contain nitrogen, and also some prepared from an ace- 
tate of copper containing nitrate of soda, w'ere compared and analyzed. 
The material thus obtained was apparently the same in both cases, 
and differed consideiabiy in some of its piopeities from the nitric- 
citric acid solution precipitate. In appearance, brittleness, and 
composition there was no essential difference, but it was veiy un- 
stable and liable to oxidize, in fart, it was not possible to preserve 
it of constant composition in the air, while the nitnc-citric precipi- 
tate can be preserved indefinitely without change. 

Two samples of 1 0014 and 1 0004 grams respectively were 
weighed out The first was heated for about fifteen minutes to 100^ 
C. in an air-bath, on cooling and weighing it had gained 0 0215 
gram. The aeeond sample was exposed to the air at the ordinary 
temperature for two hours and three-quarters, at the end of that 
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time it had gained 0,0225 gram ; it was then heated to 100'^ C. for 
fifteen minutes, when it lost 0.0020 gram, giving a net gain of 
0 0205 gram. 

The amoimts of carbon and hydrogen were determined in the sec- 
ond sample of the material from the acetate solution containing 
nitrate of soda, and in two samples from the chemically pure ace- 
tate preparation, 

Cu (C2H,0,)2 Cu (CsHaOs)! 

WaNOa . ' 


Amount taken, . 

. . ‘ .1 004 gram * 

1 gram 

1 gram, 

COg found 

0145 

0175 

.0154 

Equivalent to C, 

. . 00395 

,00477 

0042 

ii^O found . . 

Equivalent to H, 

. . . 0081 

0092 

.0081 

. . . . 0009 

00102 

0009 

Ratio, C H, 

... 44 

4.676 

4 666 


The cause of the rapid oxidation of these samples seems to be that 
the deposit is very porous, while that from nitric solutions is very 
dense. 

M. Schutzenberger mentions that he had at one time a consider- 
able quantity' of this allCtropic copper (sic) reduced to powder and 
dried in a vacuum, which at the moment when air was admitted to 
it, was transformed to ordinary copper, attended by a considerable 
evolution of lieat The amount of oxygen he found was not altered 
by this occurrence. 

To account for this phenomenon he frames the theory that the 
allotropio copper corresponds to cuprous copper, and that the mole- 
cular change to cupric copper is accompanied by the development 
of heat. But we can easily see how liable to spontaneous oxidation 
a large quantity of such finely divided material would be, when it 
contains both carbon and hydrogen in a weak state of corabiftation, 
and it is unnecessary to suppose the existence of another form of 
metallic copper to account for the phenomena noticed. 

The practical Conclusions to be drawn from these results are, that 
some organic matters, and lii all probability all, in the presence of 
nitric acid in the copper solution undergoing electrolysis, cause erro- 
neous results ; that from a nitric acid solution, with no organic mat- 
ter, it is extremely difficult to separate all tne copper ; and that the 
old method of electrolysis from the sulphate is the best. 

Discussion. 

Db Eglkston, New York : The paper which 1 have just read is 
one of great interest. Lt represents the work of my assistant, who 


^ Oxidiaed by expwure to air and beating m uir-bath before combustion. 
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IS a man of great skill in this particular line of his profession, for 
nearly a year in my laboratory. There will certainly be in this 
connection two subjects which must come up for discussion in the 
Institute before a great while, and these are what is copper and 
“ wisat copper and which will have, in a commercial point of 
view, as great or even greater interest than the similar discussioo 
which took place a few years ago about steel. What is sold in 
the market as copper may contain anywhere from one-tenth to 
one per cent, of foreign material Out of a very large number of 
analyses of the ordinary commercial coppers, the best sample that 
we were able to get contained onl\ 99,91 per cent, of copper. This 
is much more important than it ^\oald at iiist sight appear to be, 
because there is a direct relation bet^ieen the punty of the copper 
and its electrical conduct! V'ity. The presence of so small a quantity 
as nine-hundredths of a per cent, of toieign matter maybe sufficient to 
take a^\ay more than ten per cent, of the conducting power of the 
material The manufacture of pure copper for the application of 
electricity to the industrial arts, which will m a few years be one of 
the greatest commercial questions to be solved, is therefore much 
more important than is generally supposed. This is not only true 
of copper, but of its alloys Certain alloys made from metals of high 
quality have become of great commercial importance within a few 
years, but great difficulty has been experienced in manufacturing 
them, for while some of the alloys do not stand the test and are 
therefore rejected at once, others will stand it for a few weeks or 
months, and will then become brittle and worthless. I hope, there- 
in e, that this matter will receive from the chemists of the country 
the careful attention w^hich it deserves. 

The paper of Mr. Mackintosh is the result of analyses of over 
seventy samples of copper and brass from different parts of this 
country in all stages of their manufacture. There are many samples 
of copper in which less than one-half of one per cent, of foreign 
material has made the copper perfectly worthless for certain large 
industrial applications, and it requires but an extremely small 
amount to render it worthless for processes of conductivity, A 
change takes place in the alloys of copper which is partly physical 
and partly chemical, which may render the alloy useless after a cer- 
tain time, although it may satisfactorily undergo all the tests imme- 
diately after its manufacture. In view of the very small quantities 
of foreign matter which make Ifehe changes in copper, the question 
which Mr. Mackintosh has brought before the Institute is one of 
very great importance. 
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Whatever may be the method which is used for aaalyziisg copper, 
there is one thing which must be very carefully taken into account, 
and that is the influence of organic matter in solution. It makes no 
difference what the method is, if organic matter of any kind gets into 
the solution the analysis of the copper will be likely to be incorrect, 
T have seen very large works make the determination of copper 
in porcelain vessels with platinum strips. We have found that 
under such circumstances it is impossible to get accurate results, 
for if even very small quantities of copper become detached from 
the stnph and fall upon the porcelain the copper is in danger 
of oxidation, Mr. Mackintosh has devised a very irtgenious 
airangement of copper wiies switching into mercury, by which 
the whole current of the battery passes under a number of 
dishes, equally divided amongst them all, and if there is any 
necessity for so doing, he can switch out one or two vessels and 
pass the current through the remainder. This system has been in 
use in my laboratory for over two years, and has woiked most 
satisfactorily; it is so arranged that each platinum dish rests upon 
a metallic support, which passes underneath the vessels, and is con- 
nected with the battery by means of thumb-screws and wiies. 

Extremely minute amounts of cobalt, nickel, oxide of copper, 
and 2:inc will reduce the conductivity of the copper wire very 
largely* In fact, almost everything except silver which may be 
contain e<l in the copper will reduce it. In the case of Iron I had 
occasion recently to ascertain that oxide of iron, winch is generally 
neglected in tlie analysis of iron wires used for electrical purposes, 
is one of the most deleterious materials ever found in it. 

The experiments which I have been making during the last year 
have been on wires having diffei’ent mechanical and chemical com- 
position; and in order to be certain of the results, we have gone 
so far as to solder wires together, some of which were afterward<. 
drawn down, and others tested without being drawn, but no appre- 
ciable difiiireitce was found. Oxide of iron is certainly not evenly 
distiibuted throughout the mass, and causes the fibres to separate 
m such a way, both in the interior and the exterior of the rod, that 
this want of liomogcncity may possibly have as direct an influence 
as that of the presence of an alloyed impurity There is no doubt 
whatever about the effect of cobalt, nickel, and isinc. A series of 
expermients were made by the first <‘^ble company as to their effect, 
which have been fully confirmed by my analyses and experiments 
during the last year The presence of silver would liave the effect 
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of raising the conductivity even in the presence of inokel and csobalt, 
since its condaetmg power is much higher than that of copper 

S P. Sharples, Boston: If there is anyone metal which has in- 
terested me more than another during the last fifteen years that metal 
has been copper. While I was a student in the Lawrence Scientific 
School under Dr. Wolcott Gibbs, during the winter of 1866-7, he 
called tny attention to some analyses that were made by Mr. E. V 
McCandlcss, in the laboratory of the school. These analyses were 
published in the AmieriGan Journal qf Scienoe and AHSj Janu- 
ary, 1 865, the paper bearing date, October Ist, 1864. He found that 
he could completely precipitate copper from a sulphuric acid solu- 
tion, using a platmura plate for the positive and a platinum dish for 
the negative electrode. The copper after precipitation was carefully 
washed with distilled water and dried in vacuo over sulphuric acid. 

Dr. Gibbs suggested that I should take some pure copper and dis- 
solve it in sulphuric acid with the addition of some nitric acid, and 
then evaporate to dryness over a lamp so as to expel the nitric acid 
and the excess of sulphuric acid, and then precipitate and weigh. 
After weighing the copper was again dissolved in the same dish and 
again evapomted to drive ofl' excess of acid, dissolved in water, pie- 
cipitated again and weighed. This operation was repeated several 
times with closely agreeing results, thus confirming Mr. McCandless^s 
work. The paper by Dr. Gibbs was published in German in Fre- 
smius Zeitsehrifi Jiir Analyttseke Ohemie, Vol 3, 1864 In Volume 
8 of the same journal is a long paper by C. Luckow, in which he 
says he had first described this method in Diugler^s Journal in 1866, 
or a year after it was described by Dr, Gibbs. I have been partic- 
ular m regard to dates, because this method, or some trifling modifi- 
cation of It, is republished every few years as something new, 

I have made many hundreds of determinations of copper by this 
method with uniformly good results. In the course of this work 
I have found that many of the precautions that we originally con- 
sidered necessary may be omitted. In the first place a little nitric 
acid in the solution does no harm ; the evaporating to dryness is 
time wasted. Care should be taken, however, not to have too great 
an excess of acid of any kind present If from any cause we find 
that too much free acid is present m the solution, it can be readily 
neutralized by the addition of a tittle ammonia water, not quite 
sufficient to neutralize the acid The drying m vacuo is also 
unnecessary. Dr Gibbs suggested that the water be removed by a 

VOL X— 5 
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little alcobol, as this would evaporate in less time than water. This 
was tried with satisfactory results. The nest suggestion (whose I 
know not) was that the alcobol might be burnt off; this also works well. 

The process of analysis which has been followed m my laboratory 
since 1871 is as follows, and it is just the same whether the substance 
be a matte, an alloy which does not contain metals thrown down by the 
battery in an acid solution, or an ore : Two grams of the substance, if 
it contains more than ten per cent, of copper, or four or five if it is 
poor in copper, are weighed into a porcelain dish This Is treated 
with 5 c.c. of strong sulphuric acid, then a little nitiic acid is added 
from time to time until the action ceases. It is then heated to boil- 
ing over a lamp, allowed to cool and diluted to about 50 c.c., boiled 
and filtered. If the substance is well ground, a single treatment is 
generally sufficient; if, however, any black residue remains, this 
treatment is repeated. If there is any lead in the ore it is converted 
into:i sulphate, and lemains behind on the filter; the trace that goes 
through may be neglected, since it is not precipitated with the 
copper. Tiie copper solution is filtered directly into the platinum 
dish, which should hold about 200 c c., though with care one hold- 
ing 100 c c, can be used. 

This operation generally is completed m half an hour from the 
time the ore is weighed. The precipitation takes care of itself; the 
dish being placed in the circuit when the laboratory is left in the 
evening, in the morning we find the work finished. The solution 
IS tested by taking out a drop and putting it on a white plate with 
a drop of hydiic sulphide; if the copper is completely precipitated 
the dish IS removed from the battery, the solution poured out and 
saved if necesisary for the determination of other substances. The 
dish IS then washed with pure water, followed by alcohol; the 
alcohol is then drained out as completely as possible, and the little 
that adiieres to the dish set fire to This operation not only serves 
to dry the copper, but it also prevents the oxidation daring the drying. 
A very slight bluing of the copper does uo harm, as it will not per- 
ceptibly change the weight. Tlie whole operation, from the time 
the precipitation is complete until the copper is weighed, need not 
lake more than ten minutes. 

Within a few months I have had occasion to test the method very 
carefully. Certain parties were dissatisfied with my results, which 
they churned were too higli, and demanded my samples. The sam- 
ples had already been sent to an eminent chemist, who returned 
thuii to me with his method of analysis His results were about 
one of a per cent higher than mine, while the method em- 
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pkned bv" him involved about five times the work, I have had no 
further advices from the dissatisfied parties^ though tfiey have had 
the samples for two or three months. Tins method bids fair to be 
come the ^standard method of copper determination in this eountr}' 

I knou of some heavy contracts m which it has been inserted as 
part of the agreement 

In connecting the precipitating dish with the battery, I find it is 
bettei , hen more than one dish is used, to connect the potsitive pole of 
the battery ith a sheet of metal or wue on which both of the dishes 
aie set, and to connect the platinum strips with the wire proceeding 
from the other pole of the battery. In this way the current is divided 
between the cells, and the resistance is less than if the cells are in 
series. I find that two small Gro% e cells are sufficient for the purpose. 

The commercial allowance for variations in analyses of copper 
ores is one-^half of one per cent * ; the actual variation on analyses 
made by this method in duplicate does not often exceed oue-tenth 
of one per cent 


AN ANALYSIS OF THE CASUALTIES IN THE ANTHEA- 
CITE GOAL MINES, FBOM 1871 TO 1B8U 

BY B M. CHANCE, M I> , ASST. GEOLOOIST, PENNSYLVANIA GEOLOGICAL 
SURVEY, PHILADELPHIA. 

The following tables have been compiled from the annual reports 
of the In^^pectors of Mines, to determine the percentages of fatal and 
non-fatal casualties from roof-falls and explosions of fire-damp. 

As we cannot assume that every accident has been recorded by 
the inspectors ; as many casualties terminating fatally after the lapse 
of a considerable period^ are inevitably recorded as non-fatal and 
as clencal errors may have crept into the compilation,^ the figures of 
these tables cannot be considered absolutely conect, but the summary 
IS sufficiently reliable to show the features I wish to differentiate. 
Under the heading Miscellaneous^^ are included all accidents not 
directly attributable to explosions of fire-damp, roof-falls or falls of 
coal Prominent among the numerous causes included under this 
head are preniatuie or delayed explosion of blasts, accidental explo- 
sion of powder or cartridges, accidents from mine ears, falls in shafts, 
machine accidents, sliding of loose coal m pitching breasts, suffoca- 
tion by choke-damp, etc., compiising in all 48 per cent, of *the 
toinl number of casualties. 


* Compiled by Mr Maxwell Chapman. 
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Falls of coal, thaugli not properly belonging to the same class of 
casualties with roof-falls, have been included under this head. The 
general sunitnary shows that 36 per cent* of the total number of 
casualties are direct!}^ traceable to falls of roof and coal, this per- 
centage constituting 44 per cent, of the fatal and 32 per cent* of the 
non-fatal aceulents, or in numbers, there were 890 fatal and 1620 
uou-fatal accidents from this cause in the nine years, from 1871 to 
1879, inclusive 

In 1864 the accidents attributable to tins class in the coal-fields 
of Great Britain reached 45 per cent of the total number of 
casualties- 

Roof-falls are common to all mines and cannot be entirely avoided, 
even if the greatest precautions are taken, but they are especially 
occasioned by thrGk seams^ by clods of shale or rock loosely adlieiiiig 
to the roof and, when the roof is fair, by inaifenhon to the proper 
placing and renewal of props, by badly located shots spending their 
jbrce upon the roof, by vibration caused fired in adjoining 

or distant workings, bj driving breasts too wide, by improper removal 
of propSi and by ecplosiom of gas. Falls of coal are similarly oc- 
casioned, but are most frequently the result of improper underholing 
or taking-up of bottom coal, allowing too large a mass of unsup- 
ported coal above the miner* 

The majority of casualties from roof-falls, and nearly all those 
from falls of coal, occur at or near the working face, and are directly 
attributable to the carelessness or poor judgment of the miner, or to 
his reluctance to take the proper precautions and exercise the proper 
care, because these involve some additional labor and trouble for 
which he will receive no pecuniary reward* 

An extreincly dangerous roof is occasionally mot with, — notably 
at Pittbtoii, where it is locally called the '^Udack rock," etc. It is a 
dark carbonaceous slaty shale, perfectly hard and firm when first ex- 
jmsed, but it soon swells and softens from exposure to the atmosphere, 
and breaks off in large masses, A shale roof is seldom safe, but is 
paiticularly dangerous wtien but a few feet in thickness and loosely 
atiheiing to a firm sandstone roof, or if irregularly bedded in lens- 
shapetl masses or fissured by cleavage joints A large mass of such 
materia! may hang for a long period, sustained by its adhesion to the 
firm sand-rock above, only to fall without warning when this adhe- 
sion IS les-.encd by exposiue to theiitmosphere, or from the vibrations 
caused by tlie firing of sliots ^ 

" rf>ijn(tb of tin* Inspectors of Mines, 187^, p 1^09, and 1870, p aoi, for 
jlluatrjUod ovuinplcs of accidt*nts resulting from similar conditions. 
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When the roof is in fair condition, falls are often oojasioned by 
driving the working places too wide, or if they have originally been 
of proper width, by “skipping^^ the pillars, or by the pillar coal 
spalling off in wedge-shaped masses as shown by the accompanying 
sketch. 

The breast originally driven as indicated by the lines A C’and 
jB D becomes enlarged after a time to the size A^ D C by the 
wedge-shaped masses A C A' and B D breaking off. If these do 
not actually drop off, the lines of fracture A^ C and D practically 
increase the distance between supports from A B to A^ B\ greatly 
increasing the danger from roof-falls, for a roof perfectly safe when 
supported at A and B may be very unsafe when these supports are 
removed to A' and i?'. The figure shows two cleavage planes xy 
and wz in the sandstone roof, which will allow a large mass to drop 
when the support is removed from A* 


Fig. 1, 



SECTION ACROSS OLD BREAST 


Attention to the proper placing, renewal, and removal of props is 
of prime importance, and a systematic and periodical inspection of 
the roof in all travelling ways and working places cannot be too 
strongly urged, This inspection should be intrusted to a thoroughly 
competent, experienced, and intelligent man only, invested with the 
necessary authority to enforce his orders, and who should be held 
personally responsible for all such casualties occurring within his 
jurisdiction. I venture to suggest this as a means of decreasing the 
number of casualties from roof-falls, feeling that in this respect 
nothing can be expected from the miner himself 


70 CASUALTIES IK ANTHRACITE COAL MIKES PBOM 1871 TO 1880, 


When the roof is not known to be perfectly secure, niionig should 
certainly be suspended^ and the men removed to a safe retreat dun og 
the firing of shots in adjoining and even distant working places^ to 
avoid the risk occasioned bv the vibrations of the roof. 

The tables show ^ total number of 2510 casualties resulting from 
falls of roof and coal , it would be interesting and instructive to 
know how many of these could have been avoided, had proper pre- 
cautions been taken. This is a matter beyond the contioi of the 
mine inspector ; his visits are necessarily made at consideralile inter- 
vals, and although he may often he enabled to gieatly duBiuish the 
danger from this cause, by ordering additional propping, etc , he 
cannot enforce the constant watchfulness and care necessary in every 
mine where the roof is unsafe. I am convinced that a large majority 
of these accidents are due to criminal carelessness on the part of the 
miner liimself, to the recklessness that comes to all men inured to 
danger, and to the disinclination so frequently exhibited to under- 
take any additional labor that does not offer an immediate and posi- 
tive remuneration 

The casualties from explosions of gas number 1127, — 16 per cent 
of the total number, — of which 225 resulted fatally. The number 
of recorded explosions from 1870 to 1880 inclusive, is 639. 

In a paper read before the Amencan Philosophical Society, May 
6th, 1881, I have shown that 463 of these occurred from April to 
October, and the remaining 216 during the winter months, Novem- 
ber to March inclusive. The table is as follows: 


JEhplcmom of Fire-dampy 1870 to 1880. 


Janurtry, . 

. S6 

August, 

64 

February, 

. 36 

September, 

. 66 

March, 

. 34 

October, . 

n 

April, 

. 06 

November, 

62 

May, , 

. 79 

December, 

, 68 

June, 

. 61 


— 

July, 

. 66 

Total, 

. 679 


This sliows an average of 66 jier month for the warm months, 
April to October inclusive, and an average of but 13 for the remain- 
ing (cold) months of the year, and certainly seems to point primarily 
to an impairment of ventilation from high temperature as the cause 
of the greater number of explosions during the warmer mootbs. 

The aceiilcnts included under the head Miscelianeous^^ embrace 
48 per cent of the total number of casualties, aggregating in all 
3403 of which 916 resulted fatally. 
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The total oaoiber of casualties recorded by the inspectors for the 
nine years h 7040^ of which 2031^ or about 29 per cent ^ resulted 
fatally. 

The summary of percentages,” — Table Xla ^ — develops a re- 
markably uniform relation between the relafive number of accidents 
attributable to roof-falls, explosions, and other causes, and also be- 
tween the percentages of those terminating fatally each year. This 
is also evident in Tables XII and Xlla. 


Table I. 


Fatal Aceidenta in 1871. 




Boof-fallE. Explosions 

Miseella- 

Total. 





neoui 


Pottsville District, 

. 4 

14 

12 

SO 

Ashland 

a 

- 20 

2 

34 

58 

Shamokm 

ii 

18 


16 

43 

South orn 

it 

. 12 

0 

16 

28 

Middle 

ii 

15 

i 

37 

63 



69 

26 

115 

210 



Table la. 





Non-fatal Aoddmta 

in 3871. 





Eoof-fe.Us- Explosions. 

Hiscella" 

Total. 





neouB 


Pottsville District,. 

• ) 



/US 

Ashland 

it 


ns 

^115 

] 168 

Shamokm 

a 

i 



(l20 

Southern 

<( 

. IT 

1 

18 

36 

Middle 

n 

27 

31 

32 

90 



tl44 

tl49 

tiio 

532 



Table II. 





Fatal Aeeidmits in 

1872. 





Eoof-falls. Explosions. 

Miscellar 

Total. 





neons 


Pottsville District, * 





Ashland 

a 

>36 

14 

41 

91 

Shatnokin 

It 

) 




Southern 

ti 

13 

1 

11 

25 

Middle 

It 

16 

8 

17 

40 

Eastern 

li 

30 

6 

26 

67 



100 

28 

95 

223 


* January 1st tn October IStli. f Totals only approximately correct 
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Table Ila, 


Mon-fatal Accidents in 1872 . 




Koof-talls Explosions 

Miscella- 

Total. 

Fotfcsville District, 



neous 


Ashland 


, Ua 

103 

99 

265 

Shamokin 

It 

J 




Southei n. 

It 

. 10 

6 

23 

38 

Middle 

t( 

, S3 

24 

64 

121 

Eastern 

(t 

. 68 

24 

95 

187 



111 

63 

182 

346 



Table III* 





Fatal Accidents in 

1873. 





Koof^lls ExplonoJis. 

Miscella- 

Total 





neous. 


Pottsvule District, , 

• 1 




Ashland 


. [62 

23 

51 

126 

Sbamokin 

n ^ 

. J 




Southern 

(( 

, 21 

1 

16 

38 

Middle 

t{ 

. . 11 

6 

29 

46 

E isterri 

a 

. 82 

3 

19 

64 



116 

33 

115 

264 



Table Ilia. 





Nm'-fatal Acmdents m 1873, 





Koof lallfi Explosions 

Miscella- 

Total 





neous 


PolUvillo District, « 

’ ) 




Ashland 

It 

. } OO 

77 

212 

379 

Shainokin 

K 

J 




Southern 

tt 

. 12 

2 

32 

46 

Middle 

it( 

21 

14 

o6 

91 

Eastern 

4C 

. 77 

19 

78 

169 



200 

112 

378 

685 



Table IV. 





Fatal Accidents in 1874. 





Kool-ftills Explosions 

MisccUa- 

Total 





neons* 


FoUsriHe District,, 

. , 5 

13 

17 

36 

Ashland 

(t 

. 20 

3 

21 

44 

Sharnokin 

tt, 

. 13 

1 

12 

26 

Southetn^ 

u 

. , 




Middle 

it 

. 17 

9 

31 

67 

Eastern 


. 39 

1 

29 

69 



94 

27 

no 

281 


^ No report from this district in 1874. 
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Table lYa. 

Nbn-fatal Accidents in 1874. 



Roof-falla 

EtpiOSlOUH 

Miscella- 

Total 

Pottsvilie Dialnct^ 

. 22 

38 

ncouh 

40 

100 

Ashland ‘‘ 

S2 

7 

56 

95 

Shaniokni ‘‘ 

* 59 

20 

71 

160 

Southern* 

Middle 

. 25 

32 

48 

106 

Eastern << 

36 

10 

44 

89 


- — .. 

■ ■■■ 


— 


173 

107 

269 

639 


Table V. 

Fa^al Accidents in 1875. 




Roof tails 

Explosions 

Kjscella- 

Total 





neons 


Pottsvilie District, 

11 

7 

iO 

2S 

Ashland 

n 

. 11 

0 

15 

26 

Shamokin 

u 

16 

0 

22 

S8 

Southern 


11 

2 

8 

21 

Middle 


19 

6 

S8 

63 

Eastern 

{( 

29 

3 

40 

72 



97 

18 

138 

248 



Table Vo 





2f^on-fatal Accidents 

in 1875. 





Roof Mis, Explosions 

Miscelia 

Total 





neons 


Pottsvilie District . 

, 17 

28 

43 

88 

Ashland 

Ci 

. 60 

15 

49 

114 

Shamokiti 

C( 

60 

3 

45 

108 

Southern 

u ^ 

. . 41 

3 

33 

77 

Middle 

u 

* . 20 

32 

48 

100 

Eastern 

(« 

• . 21 

1 

80 

102 



209 

82 

298 

689 


Table VI. 

Fatal Acovdenfs in 1876. 




Boof-faUs 

Explosions 

Miscella- 

Total 





neous 


Pottsvilie District, , 

, • 5 

10 

13 

28 

Ashland 

n 

. . 9 

1 

17 

27 

Shamokm 


. 14 

1 

22 

37 

Southern 

It 

18 

4 

16 

37 

Middle 

it 

. 23 

7 

15 

46 

Eastern 

** . * 

20 

6 

18 

44 


89 29 

■5^ K(> report from this district in 1874. 


100 


S18 




74 CASUALTIES IN ANTHRACITE COAL MINES FROM 1871 TO 1880, 


Table VIo. 


Non-fatal Accidents m 1876. 




Koof fitll? 

Explosions 

Miscella- 

Total 





neous 


Pottsville 

. . 19 

34 

13 

66 

Ashland 


. 14 

9 

26 

48 

Shamokin 

tb 

. 21 

IS 

27 

61 

Son the? n 

a 

. 28 

17 

29 

74 

Middle 

a 

18 

22 

47 

87 

Eastern 

II 

44 

21 

56 

120 



144 

116 

190 

456 



Table VII. 





Fatal Accidents in 1877 





Eoof-falls 

Explosions 

Miscella* 

Total 





neons 


iPottsville District, 

. & 

10 

12 

27 

Ashland 

Kt 

. 20 

0 

9 

20 

Shamokin 

U 

17 

0 

11 

28 

Southern 

u 

17 

0 

9 

26 

Middle 

II 

25 

1 

12 

88 

Eastern 

41 

, . 31 

1 

8 

40 



115 

12 

61 

188 



Table Vila. 




Non*-Jatal Aeddenia in 1877. 





Koof-falls 

Explosions 

MisceHa* 

Total 





neons. 


Pottsville District, * * 21 

44 

24 

89 

Ashland 

(( 

• 27 

7 

24 

58 

Shamokin 

(I 

31 

7 

28 

66 

Southern 

II 

20 

9 

31 

61 

Middle 

11 

34 

24 

63 

121 

Eastern 

u 

• 64 

28 

82 

174 



197 

119 

252 

668 



Table VIII. 





Faial Accidenis in 1878. 





Roof'faUs 

Explosions 

Miacella 

Total 





neons 


Potts viUe District 

. 5 

8 

6 

14 

Ashland 

it 

. IS 

0 

18 

26 

Shamokin 

It 

. 16 

11 

20 

47 

Southern 

tl 

. 15 

2 

18 

30 

Middle 

u 

U 

7 

15 

S6 

Eastern 

et 

. 16 

0 

18 

34 



79 

23 

86 

187 
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Table Villa. 
Non-fatal Accidents in 1878. 




Koof-falls Explosions 

Misceila* 

Total 





neous 


Pottsville District, , 

. 4 

11 

15 

30 

Ashland 

t; 

. 40 

7 

42 

89 

bhamokin 

u 

. . 44 

12 

71 

127 

vStiQtliern 

tt 

. 43 

2 

25 

70 

Middle 

a 

34 

2 

63 

99 

Eastern 

u 

* 34 

0 

54 

88 



199 

84 

2T0 

o03 



Table IX. 





Fatal Accidents in 

1879, 





Rooi-Mls E 

'^ploa.ions 

Miscella- 

Total 




neous 


Pott^villc 

District, 

. 10 

6 

9 

24 

Ashland 

o 

A . 21 

3 

13 

43 

Sharnukm 

<« 

. 25 

4 

17 

46 

Southern 


. . 15 

2 

8 

25 

Middle 

li 

30 

12 

23 

65 

Eastern 

it 

30 

8 

26 

69 



131 

29 

102 

262 



Table IXa 





Non-fatal Accidents in 1879. 





Roof-falls 

Explosions 

Miscella- 

Total. 






neous 


PottsYille District, 

46 

35 

78 

168 

Ashland 

u 

* 

, 40 

18 

63 

lU 

Sbainokm 

tt 

, 

. . 22 

15 

66 

103 

Bouthern 

tt 

, 

. 44 

8 

48 

100 

Middle 

tt 

* 

. 68 

45 

87 

186 

Eastern 


• 

39 

9 

86 

134 




243 

130 

418 

791 




Table X 






Fatal AceidmtSf 1871 to 1879 

, 


Years 



Roof-falls 

Explosions 

Miscella- 

Total 






neous 


1871, 

, 


. 69 

26 

115 

210 

1872, . 

. 


. 100 

28 

96 

223 

1873, 



. , 116 

33 

115 

264 

1874, 



. 94 

27 

110 

231 

1876, 

* 


. 97 

1$ 

133 

243 

1876, 

, 


. 89 

29 

100 

218 

1877, . 



. 115 

12 

61 

188 

1878, . 



. 79 

23 

86 

187 

1879, . 

• 


131 

29 

102 

262 

1871 to 1879, 



. - 890 

225 

916 

2031 
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Table Xa. 


Non-fatal Aecidents, 1871 to 1879. 


Years 



Roof-falls 

Explosions 

Miscella- 

Total 





neous 


1871, 



. 144 

149 

239 

532 

1872, , 



. in 

53 

182 

346 

1873, . 



. 200 

132 

873 

685 

1874, . 



. 173 

107 

259 

639 

1875, . 



209 

82 

298 

589 

1876, . 



144 

116 

196 

456 

1877, . 



. 197 

119 

252 

468 

1878. . 



. 199 

34 

270 

503 

1879, . 


* 

. 243 

130 

418 

791 

1871 to 1879, 


• 

. 1620 

902 

2487 

6009 


Table XI. 


Years 

1871, 

A « 

General Suwma't'y^ 1871 to 1879* 

Eoof-falls. Bxplo8u>n» Miscella- 
neous. 

. 213 175 864 

Total, 

742 

1872, 

« • 

. , 

. 211 

81 

277 

669 

1873, 



. 816 

145 

488 

949 

1874, 



. 267 

184 

869 

770 

1875, 



. 806 

100 

431 

837 

1876, 



. 233 

145 

296 

674 

CD 

-4 



312 

131 

313 

756 

1878, 



. 278 

57 

365 

690 

1879, 

* 


, 374 

159 

520 

1053 

1873 to 1870, 

* • 

. 2610 

1127 

3403 

7040 


Table XIa, 


Summary showing Percentages, 


1871, 

1872, 
1878, 
1871, 
1875, 
1870, 

1877, 

1878, 

1879, 


Eool'ialls 
Fatal Non fatal 

.10-1 19-«^(29) 
,J7 .[. 20=« ( 37; 

,124- 21 ^ ( 83) 
12 .4 28 ( 35) 

n -f 20 = ( 37) 
.134 21 = (34) 
16 20 = (41) 

M 4. 29 = ( 40) 
.12+ 23 = (35) 


Explosions 
Fatal Non fatal 


,08+ 20 =(.23) 
.06 4- 09 =3 ( 1 4) 
03+ 13 = (1C) 
.08+ 14 = (17) 
02 + 10 = (. 12 ) 
04+ 18 = ( 22) 
02-1 10 = ( 18 ) 
03 09= ( 12) 
03 -! IS =(,16) 


Miscellaneous Total. 

Fatal Non-fatal. 

16 + 32 = ( 48) = 100 per cent 
16 + 3S= ( 49) 100 » 

12 f 39= ( 61) = 100 
H+ 34= ( 48) = 100 
,16 + .35 = (.51) = 100 ** 

16+ 20= ( 44) =100 “ 

08+ .33 = ( 41) =100 
i.3+ 88 = (,61) = 100 
10 + 89 = ( 40) = 100 


1871-^1879, 12-+24=(.«6) ,034-J3= ( 16) .13 + .86 = (.48) = 100 « 
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Table XII 


Summar}/ showing Petce/itnges^ — Fatal AGoiderds 



Roof falls. 

Explosions. 

Miscella- 

neous 

Total 

1S71, 

. .33 

.12 

65 

100 per cent, 

1872, 

. 45 

13 

42 

cc 

1873, 

44 

.12 

44 


1874, 

41 

12 

47 

tt 

1876, 

89 

.07 

54 

(i 

1870, 

41 

la 

46 

it 

1877, 

. 63 

06 

33 

it 

1878, 

42 

13 

45 

t{ 

3879, 

50 

11 

39 

tt 







— 

1871 to 1879, 

44 11 

Table Xlla. 

45 

100 « 

Summary showing Pe^'cmtages^ — Non-fatal 

Aeddmts. 


Hoof falls 

Explosions 

Miscella- 

neous 

Total 

1871, 

. 27 

28 

.46 

100 per cent. 

3872, 

32 

.16 

,52 

<t 

1873, 

. 29 

.17 

54 


1874, 

32 

20 

48 

it 

1875, 

.36 

14 

50 

ti 

1876, 

.31 

26 

48 


1877, 

.35 

21 

44 

((T 

1878, 

,40 

07 

63 

<f 

1879, 

31 

.16 

53 

tl 

1871 to 1879, 

. 82 

18 

.50 

300 


TEE EIOE miL IRON ORES. 

BY F P, DEWEY, WASHllTOTOK-, D, C. 


Rich Hill is situated m the famous car- wheel iron region of 
Southwestern Virginia, and although it contains many iron ores, 
this paper will be devoted chiefly to its car-wheel ore. 

Geologically, Rich Hill is somewhat difficult to describe, as the 
strata of the region are seriously folded and contorted. It lies at 
the base of one of the primordial spurs of the Blue Ridge, the ore 
appearing as a sedimentary deposit on the limestone No 2, some- 
times showing an imperfect srratitication, but generally being an 
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irregulai iormation consisting of ore in lumps of all sizes, together 
with some sand and gravely and is supposed to be Trenton, It is 
comparatively long and narrow, its longitudinal outlines being de- 
termined by Big and Little Reed Island creeks and New River, the 
latter flowing along its northern base for a mile and a half. Its 
elevation is 335 feet between the creeks and river, and its area is 
400 acies, of which at least 300 are ore*beariag. The ore has been 
very thoroughly tested by exploration shafts thioiigh its length for 
a mile and a third, and across its entire width. A careful calculation 
based upon this examination shows that it is a very low estimate to 
place the amount of ore at 2,000,000 tons. It is somewhat difficult 
to explore the oie by means of small shafts, as many of the large 
masses are considerably honeycombed in some localities; but no dif- 
ficulty would be encountered in approaching it by large open cuts, 
which is the most convenient way to mine it* This difficulty of ex- 
ploring has prevented the shafts being carried to a greater depth 
than 34 feet in the ore, but there is no reason for supposing that the 
ore does not extend to a much greater depth. The following aver- 
age analyses show the quality of the ore to be most excellent : 

Nos. 1 and 2 are representative lump ores from opposite ends of 
the ore lands. No 1 is Situated 160 feet up the hill, and has already 
been explored to a depth of 20 feet. No. 2 is 250 feet up the hill, 
and has been explored to a depth of 34 feet. 

No 3 is also a lump ore from very near the top of the hill inter- 
mediate between Nos I and 2, from a surface opening for the sup- 
ply of the forge 

No. 4 is an unwashed fine ore occurring with No. 2. 



1 

2. 

3 

4 

W ater, 

V2 51 

12 91 

15 83 

H 94 

Silica, , * 

3 50 

4 07 

4 17 

5 26 

Alunnna, 

1 47 

2 90 

3 27 

4 17 

Sesquioxidc of iron, , 

81 92 

79 49 

76 42 

76 96 

Oxide of manganese, . 

0 25 

0 32 

0 22 

0 32 

Limo, 

0 17 

014 

0 13 

0 17 

Magnesia, . 

0 40 

0 38 

0 26 

0 37 

Phosphoric acid, 

015 

013 

016 

0.17 

SulpWric acid, . 

Trace 

Tiaca 

Trace 

Trace 

Total, 

. 100 37 

100 34 

99 46 

100 80 

Metallic iron, 

57 85 

55 64 

62 79 

53 20 

Fhoapburus, 

0 066 

0 069 

OOG8 

0 073 
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The following are partial analyses of second samples of Nos. 1 , 


2. and 3 . 


1 

2 

3 

Metilhc iron, 


54 87 

57 68 

54 60 

Phosphorus, , 

- 

0 083 

0 081 

0 050 

Sulphur, 

. 

. Trece 

Trace 

Trace 


The following ore is confined to a small area in the same locality 
as ISTo 3 , and is in excellent favor at the forge on aceoant of its 
physical condition, being known locally as Black sand ore/’ it is 
subjected to washing to prepare it for use : 


Water, 

*...«• 

11 63 

Sihca, 

• 

a 63 

Alumina, 

• ... 

2 52 

Seaquioxido of iron, 


81 18 

Oxide of manganese, 

. .... 

0 J6 

Lime, 

. , . • • 

0 43 

Magnesia, 


0 46 

Phosphoric acid, . 

0 . • 

0 45 

Sulphuric acid, 


None 

Total, 

♦ * . * 

100 64 

Metallic iron, . 


56 82 

Fbo&phorua, 

* * • . • 

01<^5 


111 regard to the following ore little can be said, as it has never 
been explored and is not included in the general estimate of Eich 
Hill: 

Water, * . , * la 82 


Sihca, * 6 84 

Alumina, , . 2 96 

Sebquaoxide of iron, . « . , 74 06 

Oxide of manganese, » . , . * 1 85 

Lime, . . . ..015 

Magnesia, ... . . . , 0 42 

Phofc»phon<j acid, 0 46 

Sulplimio acid, . None. 


Total, 99 56 

Metallic iron, . ... , 5L85 

Phosphorus, , ...... 0 200 


Topograpliically it would be very difficult to imagine a more suit- 
able location for the manufacture of car-wheel metal. The ore being 
on both sides of a small hiil is very accessible, free from all liability 
to trouble from water, and, in fact, free from all difficulty in mining 
At the oonflaeace of the two creeks is a location presenting many ad- 



80 NOTE ON BLACK BAND IRON ORE IN WEST VrRGlNTA* 


vantages for a furuaee; there is an abundance of water-power; the 
ore is within easy reach, and up the Big Creek there is an almost 
unlimited supply of charcoal. 

At the present time the only use of the ore is for the supply of a 
small forge of three fires making 100 tons of most excellent bar iron 
per year. The great and only drawback to the rapid improvement 
of the region is the lack of transportation facilities , the nearest point 
on a railway is Martin’s Station on the Norfolk and Western Rail- 
road, which is fifteen miles from Rich Hill ; but the completion of an 
ardently hoped for and expected branch railway m the near future 
will certainly make Rich Hill;, with its many advantages, one of the 
most desirable positions for the manutactare of oar-wheel iron. 


mru ON BLACK BAND IKON ONE IN WEf^T VIEGINJJ. 

BY S. P. STIAttPLBS, S B,, BOSTON, 3d: ASS. 

Having occasion a few weeks ago to investigate the subject of 
black band iron ore in "West Virginia, I was surprised at being met 
at the outset with a denial of its existence. One gentleman went 
so far as to offer one hundred dollars an acre for any land in West 
Virginia that contained a seam or vein of even a single foot in 
thickness, and when shown the ore he acknowledged that it was 
genuine, but declared it had been imported. That black band does 
occur in West Virginia is to-day well known to a number of per- 
sons, There is a seam on the ftauley River of about a foot in thick- 
ness of good ore, which I understand Mr. Lewis and others are 
making preparations to work. The great trouble with black band 
ores as heretofore found in this country has been their limited ex 
tent. At Fort Washington, for instance, they had a very fine show 
ing of ore, but it soon gave out. 

It has also been asserted that the black band ores of the Western 
Coal Measures were worthIe«!s in the furnace, and Fort Washington 
has been pointed out as an example of the fate of any one who should 
undertake to work them. But they have been sueees«ifully worked 
at Youngstown and in other parts of Ohio, and I am assured by old 
furnace-men from. Ohio that there is not the slightest difficulty in 
working them if properly managed 

The deposits to which 1 wish to call the attention of the Institute, 
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are situated about ome miles from Charleston, "West Virginia, and 
he at the head waters of Davis Creek. This bed has not been 
fully explored yet, and has not been worked. Only one drift has 
been driven into it, and that only about sixty feet But the bed 
has been found and identified over a tract of some 1600 acres. 

This ore is compact, and resembles m appearance cannel shale. 
Various analyses have been made of it at different times since 1871, 
when it was first discovered, with about the following results r 

For purposes of comparison, I give also an analysis of the Helen 
ore, Hocking Valley, Ohio, and a Welsh ore: 


Silica, 

Davis Creek 
. 3 60 

Helen 

4 93 

Llanelly 

7 20 

Phosphorus, 

25 

87 

295 

Sulphur, 

41 

1 07 

26 

Metallie iron, . 

. 81 46 

36 43 

33 68 

Metalhc'iron, 

BOASIED ORB 

. 64. 

60 80 

56 00 


The ore loses rather more than half its weight in roasting. 

The bed appears to hold its own over the area of which I have 
spoken, and to run from four to five feet thick. 

The analysis of the black band ore on the Gauley River is almost 
identical with the above. 


NOTES ON TEE EARD-SFLINT GOAL OF TEE KANAWSA 

VALLEY, 

BT STUAKT M BUCK:, COABBURO, WEST VIRGINIA, 

The term splint” seems to have been adopted to describe the 
fracture of the hard bituminous coals of West Virginia. It is not 
a s'^ientlfic name, but rather a trade term, and does not indicate a 
correspondence with English splint. At present it is a popular 
word, and is very loosely applied to coals of various qualities, m the 
desire to improve their^salCi. The KauaWha splint is distinguished 
by its hardness, dull lustre, coarse fibrous structure, its purity, add 
especially its resistance to atmospheric influence It kindles vety 
readily, burns with a bright flame, but does not cake, so that a lump 
when half consumed, may be broken by a slight blow in its plane 
of cleavage, though it will resist a strong blow in any other direc- 
tion. I have pieces that have been exposed to frost and sun 
von, 
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for a do/on veevB, that are now as tirm^ and ring as clearly when 
struckjcs tl\onoh treshly mined 

The principal splint \ein worked on the line of the Ohesapeake 
& Ohio Railway, is that kno\in as the Coalhurg seam It has 
been regularly mined for the last seventeen years The Kanawha 
& Ohio Coal Company began mining it on their property at Coai- 
bnrg, in 1864, shipping by rner till the opening of the railroad, 
in 1872. 

The Coalburg vein worked at Coalhurg, East Bank, and Paint 
Creek, is about 450 to 500 feet above the track of the Chesapeake 
and Ohio Railway, ^r\d about 150 feet below the Flint Ledge, which 
is a stratutss of gray, blue, and black flint, nniniug very regularly 
through the eountiy, and constantly referred to as a base-line for 
the location of the different veins. 

The section of the Coalburg vein Is as follows, counting upwards 
from tho slate floor : 

A. Bottom bench, hard splint 

B* Middle bench, splint mixed with softer coal to some extent. 

C, Bone or niggerhead/^ feometimes split by a thm layer of coal 

IK Top bench of hard splint. 

The whole thickness of the coal, including the bone, is 3' 8^' to 
4^ 6^', and cmioting the bone as belonging with the top bench, the 
three divlisions aie of nearly equal thickness. 

The niggerhead is from six to eight inches thick, and as it does not 
separate freely, an additional loss of two inches of coal is frequently 
incurred. Constant watching is requiiod to prevent the niggerhead 
from being loaded with the coal, as it so similar lu appearance to 
the coal, that in a dim light, or when coated with dirt, it is only to 
be distingmsbed by it& greater weight. 

The roof of the Coalburg vein is usually a heavy dark slate, vary- 
ing much in character ; feometimes so strong as to require little or 
no timber la a room of twenty -four to thirty’- feet wide, and again 
so bad that no posting will hold it in an eight-foot entry. At times 
tho roof slate ruiib out and is replaced by the overlying sandstone, 
which IS remarkably strong, so that usually no timbers are required 
in rooms of ordinary wudth, and after the pillars have been drawn., 
the roof has been known to stand for a long time, unsupported, over 
a spaee forty yards square. This character of the roof has its disad- 
vantages, as it makes the drawing of pillars more dangerous. The 
sandrock will hold up for a long time, and then is liable to fall 
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With little warning, and in such masses as to crush down all supports, 
and break even beyond the face of the coaL 

The bottom slate, ferming the floor of the vein, varies from half 
an inch to four feet and upwards and is underlaid by a scam of fcolt 
bnummous coal, one foot to three feet thick This soft coal is of 
little value for fuel, but if washed would make excellent coke. 
AChen the bottom slate, winch divides the splint and the soft coal, 
does not exceed ibree Inches in thickness, and there is any parting 
in the soft coal, the beanng-in or mining, is made below the slate, 
so as to avoid uabting the more valuable splint coal, and to gain 
additional height 

Theoietioally and geologically, the coal seams of the Kanawha 
valley dip very regulaily to the northwest at the late of about fifty 
feet to the tnile^ but practically, tlie coal lies in basins, and the dip 
IS so frequently reversed, that the question of drainage is often a very 
annoying problem. Theie is not sufficient dip to con C3en hate the 
whaler, and it is impossible to tell in advance what the dip will be 
This adds to the difficulty of satisfactory and economical mmnig, 
owing to the danger of water whenever the roof is broken either by 
drawing pillars, or by long-wall work, The watei finds its way 
ihiongh tile swamps as they are called, and drowns out the workings 
at a distance* 

The splint coal is prepared for market over an inch and a quarter 
screen, and tlie nut coal is cleaned over a half-inch screen The 
miners are paid by weight for the screened coal, and the bushel of 
80 pounds is the unit, for v/hic!i, at present, the price of digging is 
cents, or 98 cents per ton of 2240 pounds. On the railioad the 
coal is sold by the long ton, but in the river markets it is sold by 
the bushel of 2688 cubic niches, measured in the barge. These 
barges eairy from 8000 to 12,000 bushels, and are usually twenty- 
four by 0 U 6 hundi’ed and thirty feet, with five to six feet draft. 

Splint coal 5s especially adapted for use as domestic fuel in open 
grates, and is valued by shippers and dealers for its ability to resist 
breakage. It is a good gas coal, giving tests fully equal to the 
Penn and Westmoreland, but it cannot be mined to compete m price 
with the softer coals. 

It is a favorite locomotive coal, giving results superior to the 
Youghiogheny, ami it is au excellent coal for blast-furnace use It 
can be used without cokuig, and its purity is vouched for by the 
fact, that in 1873-74 it was used in making so-called charcoal pig- 
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iron, and when it did not exceed two-thirds of the fuel charge, the 
result was said to be good* 

In the preparation of the spimt, as well as the softer varieties ot 
bituminous coal, the aim is to avoid breakage m every possible way, 
so that the coal mav reach its market in attractive form. The 
operator grudges every foot of fall m the screening and loading of 
his coal on the railroad or at the river, but when coal is shipped by 
sea It is so roughly handled in loading and discharging vessels, that 
al! previous efforts are rendered vaiiu There is great need of some 
decided improvement in this respect 

There are a few points on which I w^ould like to invite some dis- 
cussion , 

1st. The probability of any relation between the topography of 
the country, and the character of the coal-seams 100 and 800 feet 
below the surface. The most experienced miners claim that a rich 
flat mountain top will be underlaid by a good and regular seam of 
coab and on the contrary, that any sharp, rocky point or ridge is 
likely to indicate a horseback or fault below. They’^ also look for a 
swamp, in every case, near the crop of the coal. I have not been 
able to trace any foundation for these claims, either in fact or 
theory. 

2d. The i^elation between splint and cannel coal The Coalburg 
seam, now being worked directly fronting the Kanawha River, is 
Hipposed to be the same vein as that opened five miles back, on 
Paint Creek ; but in the latter place it has become thicker, and part 
of the splint is replaced by cannel. The total thickness is about ten 
feet, of which two to three feet are cannel ; and the singular part is, 
that m one place the cannel occupies the centre of the vein, while at 
a few hundred feet distance, it appears near the bottom. Pieces of 
coal may also be found which show nothing but splint upon one side, 
while the other is banded with cannel 

3d. I have noticed a peculiar occurrence of coal ia the sandrock 
roof of the vein. In one place, where a fall occurred, exposing a 
section of the sandstone, it showed a number of blocks of coal im- 
bedded in the rock ; not stringers or layers, but angular blocks of 
splint, as well defined as though they had been picked off from a 
coal car and placed in the sand while it >vas being deposited. 1 
have also had two singular specimens brought to me from the slate 
immediately underlying the splint. One was a piece of milk quartz, 
and the otlierof flint, both rounded, and of about ten pounds weight. 
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4ih. Has tt been determined under what oimimstances the fibrous 
coal known as Dant or Mother Cokl was deposited ^ 


ON- TEE SOLUTION OF PIG IRON AND STEEL FOR THE 
DETERMINATION OF PHOSPHORUS 

BY K. H MUHLENBERG AKD THOM\S M, BEOWX, E VSTOX, PA 

It is often a tedious matter to get a solution of pig iron or steel, 
for the determination of phosphorus, which is absolutely free fiom 
silica* Where pig iron rich in silicon is dissolved in hydrochloric 
or nitric acid in the usual procedure, it is necessary, not only to 
evaporate the solution to complete dryness, but to heat the dry 
residue for some hours in an air-bath to a temperature of about 
120° C. The oxide of iron is thus rendered insoluble in nitric acid, 
and is only slowly dissolved by hydrochloric acid. 

In the method of determining silicon by nitric and sulphuric acid-, 
described ui the Tianmction^ of the Institute, Vol. VII, page 348, 
and Vol. VIII, page 508, we obtain in one or two hours a solution 
of the iron in the form of ferric sulphate entirely free from silica, 
and containing free sulphuric acid* It occurred to u«ithat this solu- 
tion might be made available for the cleterminatiou of the phosphorus 
by the molybdate method. 

The following experiments were tried with unsatisfactory results. 
1st. The ifoii was precipitated by ammonia, the precipitate filtered, 
washed, and dissolved in nitric acid. 2d. The iron was precipitated 
as basic acetate and dissolved in nitric acid. 3d. The solution was 
neutralized by ammonia, and nitric acid added in small excess. In 
all these cases the phosphorus obtained by precipitating by ammo- 
nium molybdate and magnesia-mixture was too low. 

The following method was then tried with success. The filtrate 
from the silica and graphite wa*^ evaporated to small bulk and heated 
in a porcelain dish on a sand-bath until fumes of sulphuric acid 
ceased to escape. The dry residue was taken up with dilute nitric 
acid and the solution precipitated by ammonium molybdate The 
phosphorus was weighed as magnesium pj rophosphate* Tlie results 
were satisfactory. 

To save time, the original solution of the iron in nitric and sul- 
phuric acids was evaporated to drynes^j and heated as before iiotil 
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stilphime acid fames ceased eomiiig off* Kitrieacid was then added 
nntil all the irob salts were dissolved, and the solution was filtered 
off from the silica and graphite. The filtrate was directly precipi» 
tated by molybdate solution. The results thus obtained were like- 
wise satisfactory as regal ds pho'ssphorus, but the silicon dotermi na- 
tion by this method w»as fieqiientty too high, owing to imperfect 
solution of the iron after evaporation to complete dryness. 

We have not tried the direct weighing of the yellow precipitate 
by this method, but see no reason why it should not be weighed by 
thoiso who prefer it 

The following analytical results were obtained by N. H, Mnhlen- 
heig in the laboratory of Lafayette College on two samples of pig 
iron. The amount of borings taken was in all cases about one 
gram. These samplci. contained, respectively, 0.333 and 0.810 per 
cent* of phosphorus as determined by the following method; Sabi- 
tion 111 nitric acid, evaporation to dryuefes, heating in air-bath for 
several hours at a temperature of re-sokition in hydrochloric 
acid, expulsion of the hydrochloric by nitric acid, precipitation in 
small bulk, made nearly neutral by ammouiA, with ammonium 
molybdate, solution in ammonisi, and precipitation with magnesia- 
mixture. 



Sampic 

No. 1. 



By evaporation of the original s^olution, to i 
do ness, 

Bv evaporation of filtrate flom. origin 
1 tion to dryness 

SlUeon, 

Pbosjihums 


Silicon 

Phoaphoms 

'J 397 

0.384 


2 400 

0 333 

2 40 

0.332 


2 SBC 


2.46 

0 832 


2 306 

0 831 

2 44 

0 327 


2 809 

0818 

2 399 

0 832 


2 398 

0 332 

2 41 

0 329 


— 

0332 

Averajje, 2.41b 

0 332 

Sample> 

^ No 2. 

2 394 

0 329 


1.062 

0 781 

1 043 

0 822 

0 876 

0 832 

0 809 

0 810 

0 641 

0 798 

0 848 

0.800 

0,828 

0 802 

— 

0 818 

0 838 

0 806 

0 839 

0 820 


0 896 

0 796 

0 801 

0 839 

0 867 

0 805 

0 844 

0 798 

0 847 

0 791 

0 843 

0 774 

0,864 

0.771 


Average, 0 896 


0 808 


0 860 


o.'reo 
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S^OTUS OK GOLD^MILZ COKSTRlfaTIOK 

%\ AtrausTtrs j* bowie^ jjr , sak fjiai^'oisco, CAi.rFoii’^iA. 

The discovery of the auriferous cement grav’d deposits in and 
near Deadwood Gulch, Lawrence County, Dakota Teintory, in 1S76, 
created a mining excitement, and rush to the Black Hdlb, Numer- 
oas ten and twenty-stamp milL were built on Deadwood Gulch; 
Central City and the town of Deadwood sprang into exisience, and 
became the centres of the mining industry of the Hills 

Gold quarts: deposits were subsequently discoveied and located on 
a so-called mineral belt, extending from White wood Creek on the 
south, to Deadwood Gaich on the north A northerly group of 
these quaitz locations was purchased in December, 1877, by parties 
in &n Francisco, \^ho formed a company, incorporated under the 
name of the Father de Smet Consolidated Gold Mining Company 
Thib company immediately commenced the work of explorafion*. 
The deposits were proved to be extensive, and easily mined, but it 
was found that the ore, on an average, would not yield more than 
110.00 per toil'*' of 2000 pounds. 

At this time the cost of supplies and materials m the Hills wa$ 
high. Miners^ wages wore oO por diem, and custom mills charged 
$6 00 per ton* The successful wdrkiog of imiies on ^Hhebelt^" 
necessitated cheap milling. The ores being of so low grade, f this 
could be acGomphsbed only with large and economically rtinnirig 
mills. 

To insure the greatest possible economy, the Father de Smet mill 


* Tip t«> Di>cf^nibf»r 1879, the de Smet mine had produced btilhon the 
VAlue of $718,211 68 from 78,155 fon^s of ore, being an average ViUucof $9 41 per 
ton During the jeur ending December Sl«t, 1879, the nuno produced 46,844 
ion«, which yielded $425,S60 42, or $9 18 por ton The total gro‘^s cost of work- 
ing f«r the corresponding period, including deadwork, exchange, legal expenses, 
-etc , wrt« $219,914 82 The } leld of the mine for the >eai ISSO [Engjn^e? vng a-nd 
Mmtng Journal^ jj’ebruary 5th, 1881), was $600,011, with total expenses of mining 
and milling, of $313,108 

•f* The first 4088 extracled from the de Smet mine, were selected, yielding 
$62,783 97 The next 25,728 tofn, produced $230,067 24 The total 29,811 tons 
wor,e weighed, atid worked at cu«ftom miUs The y leld of the first 409 tons from 
tbo Gdldon Terra Mine was $11 44 per ton. 
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(whieli was designed and constructed under Oic inimediale sur^er- 
vision of the writer), was budt on a plan different, in some lespoctf^, 
from any hitherto erected. The machinery, w^hile of the most ap- 
proved coiistrnction, did not vary essentially from that of other 
mills, but the arrangement of the building was novel, to a great ex- 
tent, and has since proved so excellent, economically, that a detailed 
description of it may be of interest to many. The special objects 
m view in the arrangement were: 

1st The constant supervision of the batteries, tables, and sluices, 
and consequent safeguard against robbery. 

2d. Free access to all parts of the machinery, and room for liand- 
ling the same. 

3d. Very large ore-bin capacity, to insure steady milling. 

4th. The least possible manipulation of the material in all stages 
of reduction. 

Among the results attained by this construction of the mill be- 
sides those liereafter mentioned, the following may be briefly noted 
here. 

Tile building has been thoroughly tested, and at times there have 
been one and a half niilhon pounds of ore in the bins without any 
resulting damage or straining of the structiiie The rock breakers, 
which are fifiy-three feet above the battery floor, have been run to 
their full capacity, with the whole mill in operation, without caus- 
ing much, if any, vibration in the building, or even on the car track 
in the top of the main division. 

An exceedingly limited number of employes in the mill is 
requisite, namely : 

1 Head amalgamator. 

S Assi'itaut amalgamators 

2 Feeder tenders* 

1 Chief <ngineer and mechanic 

2 Asfiistant engineers, 

1 Fireman* 

5 Eock breaker men 

1 Watchman 

1 Carpent#*r 

1 Blacksmith 

18 Total number of men required per diem to run the 
mill to fall capacity* 
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THE FATHER BE SMET GOLB MILL* 

The ground for the F4‘ither de Smet eij^hty-stamp gold milly was 
broken about the week of June, 1878. The site selected was on 
the side hill, some 650 feet northeast of the Justice shaft of the 
de Smet mine, at a point 400 feet below the tnoath of the shaft, and 
at an elevation of 30 feet above the bed of Dead\\ood Gulch 

A space 200 feet m lengfh by 80 feet m width, was excavated, 
trenehe'^ and pits for batteries and machinery duly prepared, and the 
building erected on the solid slate coimtry-iock The material from 
the excavation was dumped over thehilKide, so as to form, in front of 
the mill, a large area, which was subsequently used for a wood-yard, 
and for otlier purposes. 

By reference to tlie accompanying drawings (Plates I. and II ), 
the following description of the oonsti action and arrangement of the 
null may be readily understood. 

The Buildwg . — The entire structure, which faces the north, 
coveis a space 140 feet long and 60 feet wide The elevation of the 
mam building from the mnd-sills to the apex of the roof 75 feet. 
Its greatest length is oast and west. It was ccmstracted with thiee 
distinct compartments, which for purposes of description, uill be 
designated as the east division, mam building, and ^est division. 
The sides of the structure are boarded and battened, and the roof is 
shingled The whole is painted on the outside with two coat* of 
metallic fire-proof paint, and the interiors of the west and centre di- 
visions are whitewashed. The east and west divisions are finished 
to correspond with the main building. 

The east division is 52 feet long and 60 feet wide, and contains 
the engine, boiler, machine and lathe rooms. The machine-shop is 
well suppbed with all the necessary implements for mill woik. 
The lathe 's 30^^ x 23', and fitted with a full complement of 
tools. 

The main or centre division, 68' x 60', eontains the batteries, 
rock breakers, and ore-bins. 

The west division, 20' x 60', is used for the clean-up room and 
repair shop. It contains a small cast-iron clean-up pan, tubs for 
panning out amalgam, tailings, etc. 

The accompanying plans show that the construction of the end 
divisions is quite simple, and a de^iption of the same will, there- 
fore, lie omitted. 

The building is provided with numerous double and single 
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windows. The portion of the battery jSoor adjoining the engine de- 
partment darmg the winter dkys^ not as well lighted as desired. 
This might be easily remedied by substituting glass for the boards 
in the sides of the engine-room. A change in the style of battery 
bracing \\oiild improve the light over the tables^and permit the use 
of electric illumination during the night. 

Maierkth , — The timber used in the construction of the building 
uas the best available pine found m the hills. The mud-sills were 
hewn timbers, and the posts, beams, caps, and rafters were ofsaued 
lumber. The timber for the cross-beams came in lengths of 30 feet> 
which were extended by fishing and scarfing as required. 

The shingles, laid 4'' to the weather,* were swob as could be ob^ 
tamed, heart shingles being, of coin^se, desired. All the mortises 
and tenons 'were carefully out and accurately fitted. 

The Main Floor . — The mam building is erected on eight lines of 
mud-silts, each line being 71 feet long. The silt timbers are of 
different lengths, 18^' x 24" in width and thickness. Those on the 
outer lines of mud-sills are securely lock-spliced together. The 
cross sills are 12" x 21" and 62' long, bolted to the umd-silJs with 
1" iron bolts, ninety -six bolts in all being used for this purpose* 
The bills are laid on the solid bed rock, and grouted with lime. 
Due precaution was taken to insure a peifect foundation, all weak 
places being dug out and filled in with masonry. 

The ground or battery floor is double planked, carefully laic! with 
a pitch from the batteries to the centre line of the building, along 
which line, under the floor, run two sluices, one for each half of tlm 
mill, receiving the tailings as discharged from the plates, These 
two sluices incline towards one another, meet in the centime of the 
building, and discharge their contents into a quicksilver trap placed 
at their junction. This trap discharges into a sluice, wdiich runs at 
right angles to the sluices already mentioned, and in tium discharges 
into n second quicksilver trap, after passing which, the tailings flow 
lidit^the gulch 

The mam sti*ucture is elected on the outer mud-sills. The lower 
frame of the building is formed with twenty-four side posts of sawed 
timber, each 12"x 20" and 23' long. Each post is mortised in the 
Rills with a 4" mortise, 10" deep, and double diaw^-pinnetl. There 
are btandlng braces, with 6^ feet to 8 feet run of 10"xl2" timber 
to every post. The posts on each line of sills correspond with one 
another They are set at irregular intervals of from 4' 10" to 7' to 
^>uifc the construction and arrangement of the machinery. 
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The several spaces between the posts, commencing on the east end 
(the nnmbei^ designahng at once both sides)-, are as follows : 

Posth Ij 2^ attd 3 S{*ace between each 4^ 10^'. 

Posts 3 and 4. Space 6 feet. 

Posts 4, and 0 Spaces 4^ 10'^ eaoh 

Posts d and 7 Space 7 feet 

Post's 7^ 8j and 9. Spaces P eaolu 

Posts 9 and 10 Sj’jacc 5 feet 

Posts 10, n, and 12, Space® 4' lO^'^ each. 

The side pO'-ts are capped with two sills (one on eacli side), 
18'^ X 18^' x bd'S"'' The«e m!1s are held to the posts with double 
mortises and tenons (S'' x 12'^) double draw-pinncd from both sides- 

T\vo!ve oross- beams, 12'' x 18'^ and 62' in length each, rest on 
these uppt^i silh to wluoh they are bolted with 1'^ non drift bolts. 

Hangistg braces, 13" v, ith an 84bot run, connect the cross** 

beams with the lo\iei side post®, and stress-bolts of 3 iron, with 
bevel washers on each end, run parallel with the braces. 

The Ore-i^hoot Stor^. — TJpon the cross-beam^ lU'-t described, imme- 
diately over the lower posts, totnnd twenty-four upper bide posts, 
12" X 16" X 24', each These posts are mortised into the lower 
oross-beamS with a 4" mortise, and double draw-pinned, similarly 
to those in the lower .side posts- 

Twelve tie beams, 12" x 18"x62' cap the upper posts with 
which they are connected by means of mortise and tenon joint®. 
Size of mortise, 4" wide, 16" long, 10" deep. The centres of the 
tie-beams arc supported by twenty-four shoot braces, 12" x 12" x 34' 
each, the lower ends of the braces being mortised and bolted with 
|-indi iron bdlts into the cross-beams, at a point 6' in from the side 
Of the biiildiiig. 

Twenty-four strut braces, 12" x 12" x 16', connect the centres of 
the shoot braces on the lower sides with the centres of the crosks- 
beams 

The t5e*beams and cross-beams are connected at their centres 
with king bolts, ly^ iron, 26' long, thus making twelve perfect 
braces, each forming a truss, and supporting the upper story of the 
building. The trusses were built slightly crowning. 

Tlie tw^enty-four shoot braces are m turn stiengthened by twelve 
sets of 6" X 6" giiis, upon which is securely spiked a double thick- 
ness of 2" plank with broken joints. This forms a substantial brace 
longitudinally for the entire structure, and also ‘serves as the floor of 
an ore-shoot to the bins. Twenty-fotir horizontal bolts, IJ" diameter, 
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bmd the upper pecfs to the shoot braoes at the centres, s'? shown m 
the plan* 

There are twenty-four short post^ supporting the 

lower ends of the ore-bins, and resting on the cross-beams* The^e 
posts are mortised at their upper and lower ends. 

The ore-bins are separate compartments, 4' x 4' 10^' x S', con- 
structed with a double thickness of 2'' plank, and lined on the bot- 
tom with iron. They are supported below by beams 12" x 14" in 
size, which at one end are mortised, tenoned, and double draw- 
pinned to the lower side posts, and hung at the other end from the 
cross-beams by rod? diameter bv ]2|' 

What have been described above as ore-slioots form in tact the 
upper parts of the ore-bms. For every battery of five stamps the 
bins have a funnel-shaped month and a door arnijiged for regulating 
the discharge to the feeder. 

The roof of the building, pitched at an angle of 42*^, is of the 
ordinary queen truss plan. The rafters are 2"xl0"x42', and 
rest on plates 8" x 12", which lie on the tie-beams immediately over 
the upper side posts. Ventilators are provided on the top of the 
building. 

Engine, Boilers, and Shafting. — The machinery of the mill was 
constructed at the Union Iron Wtjrks, San Franoisco, California. 
The engine was made sufficiently large to drive thc/piesent eighty 
stamps, and twenty additional, should the latter he lequired."** It is 
a horizontal engine, fitted witli Meyers’s cnt-olf, known as size No, 
5* The cylinder is 20" diameter with 42" stroke. The engine 
occupies a space nf 5' x 21' <>". The height from base to centie is 
24". The shaft i& 9" in diameter. The vhole weight of the engine is 
25,000 pounds The balance-wheel is 18' in diameter, cast in eight 
segments, t nnd weighs 39,000 {>ounds. 

There are two boilers 54" in diameter, IG' long. The shells are 
j-\" and the heads thick. Each boiler contains forty-six tubes 
3|" in diameter, spaced 4|" m vertical rows. The tubes are securely 
fitted in the boiler witli an expanding mandril, and their ends beaded 
over. There are tvo manholes; at one end above, and at the other 


* Tho lumbei for this rtdclitmn was purchased in 1879. Two more boilers wall 
be re^uirt'd if the twenty efcamps are added Thia change will necessitate detach* 
in£r the west divi&ioii from the main structare, and shifting it about twenty feet 
fuitbcr west 

t Weight of eight segments 14,360 pounds Fly-wheel* centre, and follower, 
1820 pounds. 
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"below, the tubes* To the top of the boiler is riveted a 6 ^' diameter 
chock with a 54'^ circle, and to this is bolted a 6 ^^ safety valve, fitted 
with brass valves, complete with lever and ball. A 6 ^^ flange is also 
bolted to the same for the steara-pipe. Each boiler m provided wutb 
a water-gauge fitted to its front with circulating pipes, and three 
gauge cocks tapped in the front end. Tliere is a steam gauge 8 '"' 
face With siphon and cocks, and one 6 " steam whistle with 2'^ cocks. 

The steam drum, 40^' in diameter and 12 ' long, is connected with 
the boilers by two chocks 8 " diameter, 40" circle. The drum is 
provided with a manhole on one end, A mud drum, 24" in diameter 
and 14' long shell (A. C* iron), thick, heads - 5 ^", provided with a 
manhole on left end, is connected with the rear end of boilers by two 
chocks 8 " diameter and 24" circles. On the underside of the mud 
drum there is bolted a 4" diameter blow-off elbow with a 4" diameter 
mad valve attached 

The best Jfo. 1 A. C brand iron was used in the boilers, steam, 
and mud drum, and the iron rolled to show the brand on the out- 
side* The horizontal seams of the shells were double liveted, and 
the rivets spaced to government standard and driven by hand* The 
edges of plates for the boiler, steam, and mud drums were bevelled 
on a planer before being roiled, and eauli^ed mside and oiib^ide. 

There is a double fire front of cast iron 1 " thick, 12' long, 6 ' 6 " 
high, with a moulding around the edges. It is spaced to leave 4" 
between the boilers, and made y^ith carrying brackets to hold the 
boilers, and cover the heads of the rivets, leaving the boiler heads 
flush with the fionts. It is fitted with fire and ash-pit doors. The 
front plate consists of three pieces of WTOUght iron, one x 6 " x 12', 
and the other two |"x2^"x 6 ' to suit the fronts. The boilers, 
supported by tw’o boiler stands, 18" base, and 18" high, one back 
beaier 1 " x 6 " x il', two wrought-iron hollow arches, and one 
arch brace 1 " x 8 " x 10 ', are inclosed in double walls of brick, 
so constructed as to form an air-chamber. The whole is held in 
place with six anchor rods, 1 " x 19' 6 ", with a nut on each end, 
eight tie-rods, l"xl4'6", with nut aud washer on each end, and 
eight wall-braces 8 |' from centre to centre of holes. The grate 
surface is 12' wide, length of bars 4' 6 " each. The front of 
the boilers is covered with a double breeching, mrde of the best 
Thoruyeraft iron, No. 10 g , and to this was fitted a smoke stack, 
42" in diameter, 60' high, made of Nos. 10 and 12 Thomycraftiron, 
fitted with end and guyrod bands of J"" x 12 " iron The guyband 
is fitted with four eye-bolts f" in diameter. There is an iron 
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tubular beater, 24^' in diameter, and 8^ 7^^ front face to face 
of flanges* The shell is of iron, fitted ^;\ith cast-iron heads 3^^ 
deep, and covers bolted to the same The holes are tapp^^d in each 
end for 2^^ gas pipe. Tl^e heater contains 24 tubes 2}/^ in diameter, 
and 8^ long. Two chocks, 8^' diameter, with flanges, are riveted 
to the healer 15'^ from each end, at right angles from each other* 
A flange 16^' diametci, for an 8^' galvanized iion pipe, is bolted to 
the outlet chock. A 1'^ drain cock is fitted to the bottom side of 
the heater, opposite and under the outlet chock. 

To supply the boilers, and for other ptirposes, there is a No. 5 
Knowles steam pump. The engine is placed on a stone foundation 
set in hydraulic cement, the bed roeh being excavated for this pur- 
pose. The anchor bolts are IT Jong. 

The main shaft and driving pulleys are situated in the centre of 
the east end of the main building. These pulleys (96'^ diameter), by 
means of siK-ply rubber belts, drive 64'^ pulleys on the conntei- 
shiifling, and eight other pulleys {also 54'^ m diameter) on this line 
shafting are Mted to 72^' pulleys on the cam-shaft‘s The cam-shtd’t 
belts are provideil with tightener pullej^s 15'' x 16" in size. There 
are two lines of line shafting, one on each side of the main buildiriir, 
placed Isehind the batteries, and directly on the battery sills, the head 
ends being supported on pillow blocks. The machmeiy and line 
shafttug are so pla<ied as to be readily accessible. 

Th^ The batteries, sixteen in number, with five stamps 

each, are arranged in two lines, eight batler-io^s on each side of the 
mill. They discharge to the centre of the mam building. They ale 
of the usual style, built independent of the building, and biaced, 
one line against the other, with 12" x 18" limbor, as shown in the 
plan. 

The battery. blocks are of selected two-inoh planks, spiked to*- 
getber, broken jointed, standing on iheir ends, damped longitridi- 
naily and bolted. It was difficalt to obtain sound timber of snifleient 
size to make the blocks in the ordinary way, and recourse was had 
to the style of block above described. 

Experience has demonstrated that this style of block is excellent, 
if not the best. Sound planks can be selected and put together, thus 
insanng a perfect material Xipim which to rest tho tnorturs, a result 
not always secured when large timbei*s are used 

The blocks are placed in pits 12 feet deep sunk in the slate. The 
bottoms of the pits are levelled with a few inches of quarlx: sand, 
and the blocks are placed in position and securely oianiped, qimrtz 
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tailings are then ran in, filling up the remaiu’ng spaces between the 
blocks and the slate. Each stamp weighs 758 pounds, and con- 
sists of* 

1 stem, 13-^ l»ng by sn dirimeter, weighju^ 320 poands 
I Uppet, diameter of face, dcpth^ 10^^, weight, 100 pounds 

Ibobshead, “ Sy^ “ 16^^, “ 214 

1 bhne^ Sy' ** 124 

The die la BY' in diameter and 51" deep , weight, 89 paund^ 

The tappets are set to drop the stamps from 7'^ to eightj-five 
drops per minute being the calculated speed The cam shafts are 
5^^ in diameter m lengths of 14^ 6^' each, weighing 860 pounds 
MortarSf ShoeSf and Dies. — The mortars are of the gold-mill pat- 
tern, with lining for sides and ends. The frame and liamg of each 
mortar weigh about 4900 pounds The accompanying drawing shows 
then* construction in detail. They are set on the blocks and bolted to 
them, tiie tops of the blocks bemg previously covered with blankets 
The groove shown in the centre of the bottom of the mortar was 
made for the purpose of holding the die to its place, each die being 
oast ivith a corresponding lug. As the dies wove down, it was in- 
tended to introduce a false bottom, or heavy casting, 3^' thick, fitting 
the bottom of the mortar, and provided with a lug for the groove in 
the mortar, and a groove in the top for the lug on the die. The 
object in view was to economize iron by wearing the dies as thin as 
possible without lowering too much the level of their surface. The 
screens used are No. 6, punched ; size, 14'' x o2". Experience has since 
shown that, with the frequent introduction of dies, the sides of the 
grooves chip, and the dies then require wedging It has been further 
demonstrated at the mill that^ when old dies were worked down on 
the false bottoms, the batteries by no means crushed as much rock 
as with new shoes and dies, though tlie line of discharge was kept 
relatively the same. This is aceouated for by the irregular wear and 
tear of the shoes and dies, and the loss of weight. A very important 
question in milling low grade gold quartz is here presented, where 
economy requires^hat the largest possible quantity should be treated 
at the smallest possible cost in the shortest time, with due reference 
to the }>eicentage of yield. 

The conclusions so far arrived at am* 

Isi. That the square bottom is the best form of die. 

2d. That there is no economy in using dies after their surfaces 
have been irregulai ly worn to any great extent. 

Ill milling gold quartz almost the principal expense ii> the con- 
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fiuiYjpison of &boess £ind dios, and any nietliod by wbfcli a sav mg can be 
effected here is most desimbio If the above CK^nciasson^ are correct^ it 
!S economy to cast shoes and dies with the smallest depth practicable 
This necessitates at least monthly replacing, but it in^sures the laigest 
amount of 'vvork per stamp with the smallest consoraption of iron 
In addition, it is estimated that the quantity crushed with new ^hoe^ 
and dies is so much m excess of tlmt with those w^hioh are much 
worn as to well repay frequent renewal 

Feeders, Tables and Traps — Immediately over the shafting on each 
side of the mill is the fiseder floor This floor is spacious and well 
lighted. There are sixteen of Hendy^s patent ^If-feeders, eight on 
each 4de They stand immediately back of the batteries, the lip of 
the feeder being on a hue with the mortar feed, and the moutii of 
the hopper of the feeder l>eing directly under the ore-biii discharge 
The batteries, ot\teen m number with five stamps each, are arranged 
in two eight batteries on each side of the mill. 

In front of each battery there is an iisclmed table covered with 
amalgamated soft; copper pktes. The tables are so located that they 
are all viMble from any point on the main floor of the mili, and 
are thus coniatantly under the supervision of the amalgamators. Ai 
the lower end ot each table there is a Euiefca rubber,’^ which receives 
the tailmgs and in turn discharges them into a quicksilver trap* 
From the trap, the tailings pa^ over a small amalgamated copper 
plate placed below the floor and thence ron into the sluice, previously 
described, situated in the centre of the mi!L The traps are narrow 
wooden boxes with a centre partition which extends to within a few 
inches of tlie bottom. The boxes are lined with movable amalga- 
mated copper plat^. Above the main sluice, on a level with the 
floor, there is a track, on which runs a small car, used to transport 
materfal as may be required* 

JRoeh-hrealers and Grizzlies . — The rock-breakers, two in number, 
Blake^s patent, 15*^^ x 9^^ in sisse, placed immediately over the centre 

^ rubbers were taken out subaequently and replaced by amalgamated 

aeft copper platen The oostof running the rubbers and the smalt amount saved 
by them did not justify their ase. ^ Moreover, the quantity of material crushed 
|>er battery was too much for the single rubber to work The results w ere that 
the tubboTS became virtually useless and the grinding entailed a loss m quicks 
silver. In the jacoompanying drawings the ** cross-section through the main 
baiMing,^' shows the tniU with the Eureka rubbers as onginaUy erected 

From August, 1879, to April, 1880, inclusive (nine months), in working 48,4S2 
tons of ore, there was a loss of 928 pounds of quicksilver, or very nearly of an 
ounce of quicksilver to the ton of ore worked This was after the rubbers had 
been taken out 
vox. X.—7 
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of the apex of the shoot, are set on timbers laid longitudinally ^ith 
the bnilding on top of the upper tie beams, to which they are bolted 
with 1'' bolts. They are duven with 10^"' belts from pulleys on the 
counter shaft, which is run with a 16^' belt from a 66^' pulley on the 
south line shaft. The mouth of each breaker is set on a level with 
a raised floor (on the upper tie beam)^ which is covered with wrought- 
iron plates, upon which the ore descends from the griz 2 :hes. 

The monthly capacity"^ of the mill was originally from 4400 to 
5400 tons of quartz. Two additional rock-breakers have since been 
added, and the capacity of the mill has been increased to 6200 tons 
of quartz?, and to a much greater amount {7500 tons) when the 
auriferous slate also is milled, w’hich is now being done. 

It has been conclusively proved m the Black Hills that in milling 
low-grade quartz, there is great economy in large rook-breaker 
capacity. The breakers should be set to crush fine. Each rock- 
breaker IS supplied with ore fed over two grizzlies (one on each side 
of the breaker). The grizzlies, wide by 12' long, are set on an 
incline of 42^, and extend from the rock-breaker floor to the car-way 
which runs along the top of the mill. Each grizzly is composed of 
twenty-four bars of iron, 1" x 2''' x 12' set with spaces of be- 
tween the bars. The total weight of the four grizzlies is 8160 pounds. 

The car-w^ay in the main building connects with a tramway, which 
passes over the top of the west division, as may be seen in the plan, 
and extends to a self-acting elevator placed at the mouth of the 
lower tunnel of the mine, 

Wai^ Supply , — Water far the batteries is supplied from a 20,000 
gallon tank inclosed in a room built against the south side of the 
main building. In the tank is a large sheet-iron drum, through 
which the exhaust steam from the engine is passed to heat the water 
The tcmperatme in the Hills during the winter ranges from O'- to 
— 35® F. From this tank, pipes distribute the water through- 
out the mill. Between every set of two batteries, for use on the 
tables, is attached to the water pipe a hose with nozzle. The 
boilers are supplied from a 15,000 gallon tank placed behind the 
engine-room. 

Immediately above the mill, on the hillside, there is a tank con- 
taining 48,000 gallons of water for use in case of fire. As a pro- 
tection against fire a 2J-" hose is always kept attached to a fire-plug 
m the boiler-room. On the rock-breaker floor, there is a fire-plug 
with hose attached. Water is delivered at this point by a direct 


* The ore is estimated per car-load. 
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ODano'^lmn Mith the 6^' nidni of rlif C’jitial Citv Watei Coiupanv 
Tiuie dit two tiie plugb outsitle of the suppliod from tiie 

gaf-ae .^onnv under a steady pressure of 100 feet, which, in case of 
need, couul be nicreasec! to 400 feet* In fiont uf the mill are the 
laiill b]<i(‘k^mdh-bhop, as«av office, tetort and smeiting rooms all of 
which places aie fitted with every iiece^ssaiy appoint men t foi their 
robpectue work* 

Cod of Coubt} uctioii — The cost of the consti action of the mAi 
was as folios ^ 


31i'l iLJTiber, 

$ld,70r> 61 



00 


^Lisonr^, 

C66 75 


Cf‘mer*t, 

82 50 


tJmiiijig, 

705 00 


Plcining Mill, 

850 00 


I.uue, 

207 70 


Mi‘-t!el]ancoU5, 

367 00 



$16,933 56 


WbUei.\ ashing, 

3^9 15 


€o[>pt*r, 

1109 15 


Quicksilver, 

414 10 


Belting, 

952 47 


Fiic-arm«, 

6S 30 


Telegraph, 

44 60 


Toll Gate Company, 

74 5^ 



$J,022 32 


Hardware, 

5,603 27 


Nails, 

886 33 


Machinery, including lathe, 

35,5b6 73 


Fi eight, . 

24,075 42 



66,131 75 


Total, 

$86 087 63 


Deduct supplier on band, 

)U,0d0 07 


Actual cost of all material and 



machinery, 


$73,027 OS 

Cl'ntiiicton consjtruction, 

15,000 00 


Labor on pits, tank (48,000 



gal ), null, etc , 

4,652 44 




l'),b52 44 

Total eost i>f mill construction and raiiterml. 

$92,080 00 

TRAMWAY 


Luniboi and sb ingles, 

1,528 00 


Lftibor, 

1,833 00 


Survey, 

87 00 


Sundries, 

188 00 


Total, 


8,136 00 

OIUBINO MILL felTK 


Labor, matenal, teols, eto, 

• 

4,939 48 

Grand total. * 

* * 

$100,755 48 
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A.rOLUMJUmiC ESTIMATIOJT of MANGAlfESF IN’ FIG- 
mON AND STFWL 

PY FKEDEHICK H. WILLIAMS, ST LOUIS, MISSOURI 

The object of this paper is to bring to the attention of those 
members of the Institute who are interested in the subject, a method 
for the estimation of manganese, which has been frequently used in 
the lab<)ratory of the Vulcan Steel Works during the last eight 
months, and which is deemed worthy of more general use. It is 
simply an adaptation of well-known processes, for the purpose of 
determining this dement in pig iron and steel 

In genera], the method consists in piccipitating the manganese as 
binoxidoi dissolving In dilute sulphuric acid in the presence of an 
excess of a standardized solution of oxalic acid, and titrating the 
remainder of the ovalic acid left unoxidized with permanganate of 
potash. 

For this method, therefore, two standardized solutions are needed, 
viz., a permanganate solution and an oxalic acid solution 

The permanganate solution is made so that 1 c c is equivalent to 
1 mgr. of iron By using so weak a solution and keeping the bulk of 
the solution to be fitiated down to 75 c c* or a little leas, the accuracy 
of the process is greatly increased, since the final reaction is almost 
if not quite as sharp as if a stronger solution were used. 

The oxalic acid may be of almost any strength, but if made so 
that 1 cc. requires S e c. of the permanganate to oxidize it, it will 
auswer welL 

The process is then, as follows from I to 2 grams of pig iron or 
steel are dissolved in 40 to 50 c c of concentrated nitric acid with the 
aid of heat. As soon as solution is effected, in the me of steel, 
add gradually and cautiously, the solution being kept boiling, suf- 
ficient pulverized chlorate of potash to precipitate the manganese as 
binoxide Two grams will be a great abundance. In the case of 
pig iron, first remove the carbon and silica by filtering the solution 
through asbestos and washing with concentrateii nitric acid. Filter 
the strong acid solution in which the binoxide has been precipitated, 
through asbestos with the aid of the filter pump, yfhen it has en- 
tirely passed through wash well with water Blow the contents of the 
funnel into the beaker in which the precipitation was made and 
rinse the funnel with a little water. 
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Put into the beaker an accurately measured quantity of the stand- 
ard Qxaire acjdj a moderate excess over what the binoxide is capable 
of oxrdizing^ add water to bring the bulk ot liquid up to 60 to W 
o.e^ then S or 4 cc of concentrated sulphune acid^ and heat to 70"^ 
or SO*^ C for a few minuter. The solution of die binoxide is speedily 
effected with the aid of a little stirrmg Finally titrate the hot 
solution With permanganate. The presence of asbestos does not 
obscure the final reaction 

Suppose we have taken 1 gram of steel in which we suspect about 
one per cent of mranganese. Having separated thebinoxide, we add. 
say 15 c.c of oxalic aoid of the strength already mentioned, and effect 
the solution as described This 15 c c, by itself would reqii?re45 c c of 
the permanganate, but on titratmg we use, say 25 c.c., the difference, 
20 c c, is equivalent to 0,020 giams of iron. Since I equivalent of 
biiioxide of manganese converts 2 equivalents of a proto-tjult of iron 
to the slate of a pet^salt, as shown by the formula 

2 FeSO^ - MnO, + =« Fet (SOda + MnSO* ^ m^O, 

the solving of the simple proportion, 112: 65 = 0.020 ' a? give the 
weight of manganese equivalent to the 0.020 gram of iron. The 
value of X is 0.00982, and the per cent is 0 982 

The results by this method agree very closely with those obtained 
when the manganese 5s determined as pyrophosphate Duplicates 
also, by their constant agreement, show the method to be reliable In 
the last analysis on oui records, the two results from the same sample 
were 1112 per cent, and 1.108 per cent. 

In analyzing spiegeleisen, less than 1 gram may be takep. A 
determination can be made m two hours. 


MAmAIfMB DBTFRMmAnONS I AT STEBL. 
ay wiLLrAM kent, m e , Pittsburgh, pa 

Durikg the discussions at the Philadelphia meeting in February 
last/i several speakers expressed their doubts of the general accuracy 
of chemical analyses of steel made by ^Mron works chemists,” and 
especially of determmations of manganese Since the meeting, the 
discuission of the practical value of chemical analyses^* has been 
continued at some length in the columns of the Ir<ffh Affe 


^Compare paper by S A Ford, yoI ix p 397 

+ Tmisafitt&m, vot ix, p 529. 
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In a letter to that paper I gave the results of ten determination-^ 
of the manganese in one east of steel, showing wide divergence, and 
offered to give samples of the same steel for analysis to any chemi>t 
who should request it Eight chemis^ts wrote asking for ^^arn pies, 
and from five of them 1 ha%e received results, which I siuill give 
below, together ^uth the figuies prev'iously obtained, and a few brief 
notes on the methods used. 

At the time the fiist aiiah^i^ of this cast of steel was made, I was 
attempting to investigate the influence of carbon and mangaiH-.t' 
upon the strength and duetilitv of certain low-phosphorus open- 
hearth steels, and had almost ai rived at the eouclusion that manga- 
nese had no traceable effect wpon these pioperties 8tcei3 of about 
the same strength and ductility, made ni a uniform manner of iOw- 
phosphonis stock, were found co be nearly iiniforin in carbon and 
silicon, but to vaiy wddely in manganese. For instance, two plates, 
from diffeient heats, were found to be nearly identical in pliysical 
propel ties and la ehemieul com posit ion, except id manganese, wdncli 
was reported by a chemist of large experience, and in whom I had 
every ooiifidenoe (A. in table below ), to be 0 434 and 0 98 respec- 
tiveh m the two plates An accident led to these two plates being 
anal} zed by a customer to w horn they were sent as samples, ami lie 
reported them to contain 0 324 and 0.320 Mn (C ). Meanwhile a 
second anal) sis was made by the fiist chemist of the heat in which he 
had found 0 434, and the customer 0 324 Mn, and he reported 1.14 
Mn Two analyses, made strnie days apart, by a third ohennst (Ib) 
of a piece of the same plate in wduch 0 324 Mn had been found, 
gave llie figures 04)13 and 0.58 Mn 

Hcio, ceitainlj , wji- foot! for rcfiection, and I at once made up 
my mind to find out, if p<isMble, how much manganese that plate of 
steel really contained. My own time being occupied with other 
ina^teu I was able to make only a single determination myself, 
using the ac‘(4ate of soda inoecss with precautions, debcubed by 
Mr A. A. Blair, lu the luporUof the United States Testing Board 
The result was 0 303 Mn, a figure in which I had but bttle confi- 
dence, as no opportunity was afforded for duplication 

A small piece of the same plate, about six by two inches, one- 
quarter of an inch thick, was. then drilled over its whole sui face, 
<iud a bottle filled with tlie drillings. This bottle wa& then used in 
furn islung otiicr oiicni5.TS Mith feamjylebj cure being taken to give- 
(’.u>h about an equal proi)ortioti of coarse and fine drillings, so as to 
ovoid if i>os,ible the suspicum that the steel was not properly sura- 
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pieO, I will now gjive the coRiplet^ list of results^ the names of t!ie 
chemists being snppiessed, ^is I have no authority to publish them 


Xti 


Mail ifanese Pr< 

found 

1 

A 

454 Acetate begirt an 1 brounu#* 

2 

A 

114 i. . * 

!j 

A 

/.I * ‘ 

4 

B 

f)l3 ^ i 

5 

B 

5b ^ * 

6 

B 

13 Nitric acid iiml f hloratc ot potaUi 

7 

€ 

324 Not i#-portcd 

8 

D 

45n “ ^ 

9 

D. 

413 J 

10 

E 

303 Acetate, with modifications 

11 

F 

391 Acetate proces-? 

I2 

'P 

385 Nitne acid and chlorate of potash 

U 

O 

406 -J 

H 

o 

V Acetate, with modifications 

15 

H 

.r>l 1 

18 

H 

gg^ 1 Acetate ammonia and brominp 

17 

I 

562 ^ 

^ Acetate soda and bromme 

IS 

I 


J 

439) 

20 

J 

> Acetate soda and bromine 

21 

J 

313 \ Eesnlts 19 and 20 redibbolved and determined hj nTino 

22 

J 

883 / acid and chlorate of pota‘ih 

23 

J 

356) 

333 / Citric <icid and chloiate of potash direct 

24 

4 

25. 

26 

K 

K 

1 Acetate «oda .»isd bromine , weighted a--pvrop'hospbHto. 

27 

28 

K 

K 

J-Nitnc acid and chlorate of potash 

29 

L 

38 1 

30 

L 

30 t Acetate, with precautions, weighed as pv rophosphjte. 

n 

L 

38 ) 

u 

I. 

L 

j- Nitiic acid and chlorate of pote'h 


The brackets indicate duplicsate determinations. 

All of the result^, except No. l,are known to have been obtained 
from the same plate. No 1 w'as from the same cast, but whether or 
not from the same plate is uncertain. Nos. 3, G, 8, 9, and 13 to 18 in- 
clusive, were from the bottle of drillings above spoken of. Nos. 11 
and 12 were from a small piece of the original plate, the chemist 
prefrrring to make his own drillings. Nos. 19 to 24, inclusive, 
were from another bottle of drillings, the host having been ex- 


^ Anulysc*^ 25 to fia have bei'n received fcuncis Use p«p^r was read at the Vir- 
ginia meetmg 
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hausted. This second bottle of drillings was purposely made very 
fine, a fluted reamer being usedj and the whole thickness of the 
plate being cut away so as to secure as greac accuracy as possible in 
samplings m case there should be a difference in manganese, at dif- 
ferent distances from the surfaxje, as is reported to have been found 
recently in England, 

I will now give a few notes concerning the chemists and their 
methods ; 

A. is a chemist, well up in years, of large and varied experience, 
and cofibidered by a large clientage as a first-class authority* He 
still use, the acetate and bromine process, and considers it the best; 
but I fear he is laboring under a mistake, as I am informed he does 
not use the precautions thought indispensable by many other chem- 
ists, to free h’S precipitafe from alkahes and oxide of iron* 

B. IS a young man of limited experience* He did use the acetate 
and bromine prcx^ess until the Philadelphia meeting, but has now 
adopted the mtrie acid and chlorate of potash -method, as described 
ill Mr- Fold’s paper.f Hi® result, No. 6, indicates that one or the 
other method, in his hands, is far from being accurate 

C. is a steelworks* chemist. I know nothing further concerning 
him. He was employed by the customer referred to above. 

D. is a professor of ehemistry. He reported that the determinar 
tions were made by his assistant, in whom he had every confidence. 
The agreement of duplicate analyses to within .002 of one per cent, 
is noticeable, especially as the figuresare higher than those given by 
the majority of other cheniists. To my mmd they indicate a great 
uniformity of manipulation, with the possibility of an inaccuracy in 
method) tending with such manipulation to a constant plus error. 

E. IS only an amateur chemist, without sufficient experience to be 
confident of his own results. 

F. I know only through correspondence. His results, by two 
Liit.rely different methods, show remarkable uniformity, when com- 
pared with the great divergence in results obtained by these meth- 
ods m the hands of other chemists. They would indicate that he 
ha s rid of the common sources of error in the acetate and bro- 
iTune process, and lead toa strong opinion m favor of his accuracy in 
manipulation He writes as follows, concerning his method; 

The precipitate of phosphate of ammonia and manganese was in 
both cases redissolved in hydrochloric acid j a very little more phos- 

* Engineering, April 15th, 1881, page 878. 
f Trans&cttonSf vol ix, p 397, 




MANGANESE 1>ETEBMIK ATIONS iN STEEL 


106 


phate of soda added and reprecfpitated wJtH aipmonia^ tlien boiled 
not)] it assumed the crystal 1 me form/’ 

G. describes hrmself to me as a chemist from Br, Brown’s ialx^- 

rator^ HiS results also agree to withm 002 of tme per cent., but 
are 045 lower than those reported by D., and iii my own opinion 
{>’ subject to s<i much more accurate* He writes • I use 

the basic acetate process, » . wash the precipitate once on the iilteTj 
redissolve m as little HCl as possible, repeat precipHation, wash 
thoroughly, unite filtrates, and ovapoiiste to 300 o.e Filter, djssolvfe 
m HCl the small amount of iron which has sepaiated during evapo- 
ration, and make a basSe acetate separation in as small bulk as pos- 
sible Unite the filtrates and precipitate with bromine, dissolve 
pi'eciphate in HCl, weigh as pyrophosphate, following Fresenius’s 
instructions ’’ 

H. ! knew six years ago as Uien a chemist of considerable expe- 
rience, He writes . The method used was the acetate of ammonia 
process, separation of MnO^ by Br and weighing as MngO^ This 
probably gives results a trifie low, but J consider ifc still the best and 
most accurate process. The determinations resulted as follows i No. 

0.351 Mn } No. 2,0 380 Mn* This you may say is not very satis- 
factory, but I derest manganese determinations m sleel, and hope 
som© day some chemist will discover a proi^ss more ssiisfectory/’ 

I. writes me that he has had five years’ general training under 
some of the best professors of this country,, and three years^ special 
experience in iron and steel laboratories. During the latter period/’ 
he says, I have had many a wrestle with manganese, and have 
come to the conclusion that with proper care, and notwithstanding 
the time required, the bromme and acetate method is by far the best 
that we have where anything like accuracy is required,” His method 
he describes as ibilows • 

slight permanent precipitate is formed in the solution by 
then 4 cc of C 8 H 4 O 4 of 104* specific gravity added for 
each 600 c c. of final solution. As soon as the precipitate is dissolved, 
the solution is diluted with hot water to 500 cc for each 0,5 gram 
of iron or steeL The solution is then brought to the boiltng-point, 
when the requisite amount of NaC^HgO^is added, the whole is boiled 
for a few moments and allowed to setfeW. When nearly clear, as much 
as possible of the sohihon is poured through a ribbed filter, boibng 
watesr IS added to the precipitate, and the whole again brought to the 
boil, when it is allowed to settle, and the solution poured through 
the filter. It is washed again twice by decantation with the addi- 
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iion each time of 0 5 c c of the same the precipitate is iheji 

brought on to the filtei and washed with boilmg water until free 
from chlorides. Let the filtrate stand on the steam bath over night. 
When drVj the residue is taken up in water with addition of about 
1 c c, CaH^Oj. By this process any iron in the filtrate \m 11 be leit 
ondifepolrod and can be filtered off. If I am in a hutry (instead of 
evaporating to dryness) I add a little Na^COg solution and evapo- 
rate to a suitable %"oliime, the Mn is then precipitated wuh Br. . . . 
Tile Mn is filtered off and weighed as Mn^O^. ... In regard to 
weighing the iln as Mna 04 the amount of alkali that it contains is 
vTiy small, and when the percentage is under 2, the error from that 

cause IS too small lo be considered In fact when at I made a 

series of tests on that subject by weighing the Mn first as Mn^O^ and 
llien ns MnjP/K, and fotmd that up to 2 percent, the difference was 
very small. ^ 

AUhoiigh this chemist is thus careful in describing the pains he 
takes to insure correct lesults, and shows evidence of being entirely 
scientific in Ins methods, I am inclined to the opinion that his 
results are far from accurate. The tests he refers to, as proving 
the small amount of alkali in the precipitate of I think, were 

made during his analyses of spiegels, and not of steel. A difference of 
Ofi? in dupli<‘ate analyses of spiege! may be considered close -enough, 
but I think the raajmity of steel-wmrks^ chemists would not consider 
it tjlose enough in an analyses of soft steel, which is desired to contain 
as little manganese as possible, without red-shortness. The ma- 
jority of evidence in the abos^e list is also against his figures, al- 
though they show a noticeable approximation to results Nos 3, 4, 
and 5. 1 Will lea\e a criticism of his method, as he describes it, fox 

other chemists. 

J V rites a verv brief letter with his result^ merely stating that 
Nos. 19 and 20 were obtained by the acetate of soda and bromine pro- 
cess ; Nos. 21 and 22 by dissolving 19 and 20 in ITCl, and proceed- 
ing as the IINOg and KClOg method directs and Nos. 23 and 24 
by the HNOg and KClOg process, without modifications Although 
duplicate determinations are far from being as close as those of 
chemists D , F., and G., they give strong indications of the inaccu- 
racy of the acetate and bromine process, as compared with the other ; 
that IS, as both are manipulated by tliis chemist. 

K. has been an iron-works chemist for two years, lie graduated 
under Dr, Drown in 1878 In his second resiilt he says the pre- 
cipitate by phohjihate of soda was dJ'=JSolvcd in hychochloric acid, 
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ncaiiy iientralized, boiloJ acetate of '^joda, and repreeipitated by 
imcrocosmic 

L. IS (Jiie of the most prominent profe‘'SioiiaI chemists in the 
^'ouiitrj , with an excelient reputation for accuracy. The first result, 
Xo 29, IS his own , the next two are by his two assistants, ali work- 
ing mdependently, and without knowledge of each other^s results. 
The method was e'rjsentially that described by Mr. A A. Blair in 
the leports of the U. S* Testing Boaid, It is the acetate of soda 
process, with gieat precauliOR*^? taken to insure the freedom of the 
final j>reei])itafe from oxide of non and alkali. 

My general coiicinsioiF horn this investigation are 

1 That the maiiganose «n this paiticular plate of steel is not ahovi 
0 41 per cent, and is probably between 0 33 and 0 38. 

2 That both the acetate and the nitric acid processes are capable 
of giving correct results, if projvw'v handled, and if proper precautions 
are taken to insure, filist, that all the manganese is precipitated; 
and, secondly, that the final pieeipitate is not contaminated with 
alkah and oxide of non 

3 Tliat the soLUces of error m the acetate process are very much 
larger than in the nitric acid process, and the errors m the forme*' 
are apt to be so large as to render the analysis utterly untrustworthy 
and misleading. In this category T would place results Nos. 2, 3, 
4, 5, 17, and 18 

4 That the pos^ibihtie'=i of error in the acetate process are not yet 
fully appreciated by many chemists of large experience and reputa“ 
tion, 

5. That the whole subject of manganese determinations ought to 
be made the subject of a reinvestigatiou by the great body of chem-^ 
ists, to the end of discovering a new, or perfecting an old, metlimj, 
such that by it any chemist of ordinary ability could obtain results 
which a manufactarci could depend upon to be accurate wuthm a 
leasonable limit, say .05 of one per cent. 

I must oxpies^ my thanks to the gentlemen who have kindly 
aided me in this investigation, some of whom are members of the 
Institute, although I am not at liberty to give their naoies. 

njscussiON 

I>R T M, DlonvN, Ea.-'ton, Pa.: I am «ure that all chemists and 
steel manufacturers will feel very grateful to Mr. Kent for the pres- 
entation of this veiy valuable ''*-yinposium on manganese deter- 
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minations. I think I recognize myself m his paper under the letter 
u jrj 5? rpj^g determinations quoted were made, as stated, by my assist- 
ant Mr* P* W Shimer, and I give in detail the process used by him: 

Weigh out I to L6 grams of the borings into a small beaker, and 
dissolve in nitric acid (sp gr. 1.2). Evaporate nearly to dryoessy and 
heat in an aJr-batb at 140*^ C* for three to four hours, Redissolve 
in hydi'ochloric acid (sp. gr, 1.12); filter into a large beaker, and 
evaporate the filtrate to a very small bulk. Allow the solution to 
become cold, and add sodium carbonate solntion till a slight per- 
manent precipitate remains after allowing the solution to stand a few 
minutes. Then add, drop by drop, just enough acetic acid (sp 
gr. 1.04) to redissolve thisj and^ finally, 10 to 12 c*c more acetic 
acid and 200 c.c cold water fi to 8 grams of sodium acetate are 
now added, and, when solution of the acetate is complete, water 
is poured in until the bulk of the solution is 1.5 liters* Boil for five 
mmutes, allow the precipitate to settle completely; filter through a 
large ribbed filter, and wash a few times with hot water. The 
filtrate is evaporated to a small bulk (200 to 300 c.c*), and contains 
the greater part of the manganese. Throw the precipitate with the 
filter into the beaker m which the precipitation was made, and add 
enough hydrochloric acid to redissolve it. After filtering, evaporate 
the solution to get nd of the excess of acid, and make another basic 
acetate separation precisely as before* The filtrate from this second 
precipitation contains the remainder of the manganese, and is like- 
wise evaporated to a small bulk. If, in evaporating either of the 
manganese filtrates^ a precipitate sepaiates, this must be filtered off, 
dissolved in hydrocWnric acid, and a baste acetate sej^mtion made ; 
the filtrate is added to the main filtrates. The combined filtrates are 
concentrated to a bulk of 300 e*c, Bromine-water is added tu the 
hot solution, which need not be heated to boiling. The solution is 
kept hot and bromine- water added occasioUally for two or three 
hours, water being added to replace that lost by evapomtion. The 
precipitated oxide of manganese is filtered, washed thoroughly with 
hot water, dried, ignited, and weighed as "When much 

manganese is present, the precipitate by bromine is redissolved in 
hydrochloric acid, and precipitated by sodium phosphate with the 
usual precautions. 

Since these analyses were made Mr. Shimer has investigated the 
effect of the filter-paper on the deternriinations. Two filters were 
used in the process^ of unwashed Swedish (No. 2) paper, and he has 
found that this paper contains enough manganese to appreciably 
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affect the result when working on one gram of steel By working 
a blank analysis a precipitate was obtained by broirtme^ which had 
appreciable weight, and gave a manganese reactjon. Further ex- 
penmen ts showed that the manganese in solution had jts origin in 
the filter paper It would, therefore, seem necessary, where great 
accuracy is required, to make a dummy *' analysis for a correction 
of the amount of manganese found* In the case under considera- 
tion this correction would have probably reduced the percentage of 
manganese from 0 45 per cent to 0 40 per cent, Subsequent deter- 
mmations of the manganese in this steel were made by Mr Shimer 
by the method described by Mr Ford (nitric acid and potassium 
ehlonite) with the following results. 0.387 and 0 390 per cent. 

Dr C B* Dudley, Altoona, Pa*; The results obtained by Mr* 
Kent on the determinations of mangane'se, in the same sample of 
steel, by different chemists, are eertainly very interesting, and show, 
as It seems to me, that there is great need of the matter being thor- 
oughly mvestigated, and some method agreed upon which shall, m 
different hands^ give uniform results The method which I follow 
IS in use at the Sheffield Scientific School at New Flaven, unless 
their practice has been modified within two or three years, I make 
no claim to originality m it m any place whatever* The method \s 
as follows ; 

Work on three grams of steel. Dissolve 'm aqua regia (2 parts 
HCl to I part HNO^), using 60 cc, and evapoiate to dryness 
Take up in 50 c c* hydrochloric acid and evaporate one’- half or two- 
third.:? of this Allow the solution to coolj dilute to about J50 c-c. 
and filter. Next make a basic acetate separation of the iron as foT 
lows* Nearly neutralize with carbonate of soda, then add 30 c c. of 
acetic acid and 25 grams of acetate of soda ; dilute to about a liter, and 
boil foi about three minutes Then pour the solution and precipi- 
tate into a tall graduated beaker, holding about 1800 c.c ; fill up 
with warm water to about that point, mix thoroughly by stirring, 
and allow the precipitate to subside When it has well settled 
siphon off thiee-flfths or two- thirds of the clear solution and evaporate 
this down to about 300 or 400 cc. Next neutralize with carbonate 
of soda* and then add caustic soda and boil a few minutes. This 
throws down all the metallic oxides m the solution. Filter, wash 
thoroughly, and dissolve the precipitate in the smallest amount of 
concentrated hydrochloric acid. This may be done by spreading 
the filter out on a large watch glass and dropping tbe acid on to 
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or by putting the filter in a beaker and adding the acid Aftor solu- 
tion IS complete add a few cubic centmieccrs of water and filter, 
washing well. Then make a second basic acetate separation, to le- 
move the last tiaces ot iron In this sepaiation the addition of cjir- 
lionate of soda is earned a little pa«t the neiitial point, so as to ob- 
tain a small precipitate. If there h not enough iron present to give 
a precipitate a diop of chloude of non is added. The precipitate is 
dissolved in dilute hydrochionc acid, and enough acid added s(v that 
there is an amount about equal to one drop of free concentrated hy- 
droohlonc acid in the solution. The volume of the solution need 
not be over 50 c c, to 75 c c Now add 2 grams of acetate of soda 
and boil. Filter into a flask bolding about a liter, dilute to nearly 
that volume, warm to about 80° C , and add bromine-water to dis- 
tinct red coloration. The precipitate forms after a short tune, and, if 
desired, the solution may be allowed to stand at a moderate tempqr^ 
ature — say from 30° to 40° 0 — until the bromine has disappeared, 
before filtration. Filter and wash thoroughly with hot water, then 
test the filtrate with more acetate of soda and bronune-water to see 
if the manganese is all down. If any moie comes down it of course 
should be added to the fiist. The precipitate is dned, ignited over 
the blast-lamp, and weighed as Mn^O*. 

In rny judgment the two basic acetate separations in the method 
described above are the critical points in the operation la the first 
separation the main point is not to lose any manganese. It is im- 
material whether the iron is all separated or not, since there is an- 
other operation for that purpose But if manganese is lost at this 
point ail inevitable error of course results In this method the pres* 
ence of acetic acid Ls relied on to prevent the loss of manganese. I 
am aware that there are good chemists who neutrahise the solution 
and do not use acetic acid at this point. But the results of direct 
experiments made at the Sheffield Scientific School go to show that 
if there is not enough free acetic acid present, with a single separa- 
tion, loss ot manganese results. On the other hand, the same exper- 
iments show tliat if the amount of free acetic acid is too great th^ 
iron is not all sepaiated. In the first separation, therefore, since 
it IS immaterial whether ^11 the iron is separated or not, it is only 
essential that there be epoiigh acetic acid piesent to prevent loss 
of manganese In a salatum of about 700 to 800 c.c volume, it is 
believed, as the result of expeiiment, that 30 c.c. of acetic acid is suffi- 
cient to acc^omph'^h this result. The second basic acetate separation 
is even more critical than the ni*t. Here there must be acetic acid 
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enough present to prevent loss of manganese^ and not so ni ach as to 
hold tip the iron As the result of considerable expeiience and a 
number of tests^ I am inclmed to think that if the directions given 
above are closely followed^ the errors in either direction will be 
small, I have a number of times examined the precipitate of iron 
fiom this sepaiation for manganese and have rievei found any, and^ 
on the other hand, I have lepeatedl} examined the manganese oxide, 
after weighings for iron, and only rarely have I found it. 

These remaiks apply to the detei mination of manganete in iron 
and steel, where the manganese rarely amounts to one per cent I 
have had almost no experience with spiegels, and cannot say how 
well the directions given apply to them. It may be tlioiight 
that m taking an aliquot part of the solution from the tall gradu- 
ated beaker the space occopied by the precipitate in the bottom of 
the beaker introduces some error. But direct experiments made m 
the Sheffield School show that the error from this cause is no greater 
than that which arises where the basic acetate precipitate is filtered, 
ovsing to the difficulty of completely washing the large iron precipi- 
tate, 

I may add that I have made a few experiments with the method 
described by Mr. Ford and have obtained results agreeing very 
closely wnth those obtained by the above method. 


WOTF OJSr TEE FALLING CLIFF ZIEG MIEE, 

BY F. P. DEWEY, WASHINGTON, D C, 

The Falling Cliff Mine adjoins on the west the Bertha Mine, 
from which a large amount of first-class ore has been taken, pro- 
ducing the purest zme known to commerce The two mines are in 
the same hill, Bertha being on the northern slope and Falling Cliff 
on the top and opposite slope The formation is No. 2 limestone 
Although considerable exploration has been done by numerous shafts 
and tunnels (there being over six hundred feet of the latter), no satis- 
factory determination of the dip and strike of the vem could be 
made on account of its contortions, the ore descending from the top 
to the bottom of the tunnels and rising again m very short dis- 
tances ; but enough has been done to indicate a very large mass of 
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ore. The general character of the ore is similar to that id the Bertha 
Mine, being a silico-carbonatej with, perhaps, a Jaiger proportion of 
carbonate than in the Bertha, The qnahty is excellent, as showm 
by the following analyses. No I and No 2 are from different parts 
of the same shaft, which descended through twenty feet of ore with- 
out bottoming on rock ; No, d is from a second shaft: 




I 

II 

III. 

Sthca, 


24 47 

7 07 

483 

Ferrie oxide, 


. 2.10 

1 44 

4 07 

Aiumina, 


. 1.24 

0.66 

0 14 

Manganese oxide^ . 

* 

. 0 16 

Oil 

0 21 

Zinc oxide, 

, 

. 61 S4 

61 99 

69 88 

Lime, . . * 


. n.53 

016 

0 57 

Hagnesift, 


. 0 21 

0*21 

0.85 

Carbonic acid, 


. 180 

25 88 

29.07 

Water, . 

* 

. S27 

2 68 

1 46 



100 62 

100 10 

100.58 


Very careful tests failed to detect any tin, arsenicy antimony, lead^ 
copper, bismuth, or cadmium in the ore, although by assay a small 
amount of silver was foutid In each, and the gangues of No. 1 and 
No. 2 contained a little lead and considerable barytes. 

The development of this mine is very much retarded by the lack 
of transportation facilities, the nearest point on a railway being 
Martinis Station, on the Norfolk and Western Railroad, fifteen miles 
away } but it is hoped that this drawback will soon be remo\ed. 


ON mjs! ruTSATioir of WATm fos ufousmiAZ 

puBPosm 

BY P* BAKK15S, BPEIKaFIBUD, inX^lKOIS. 

The complete and accurate Sltratton of water (if the w^ord accu- 
rate may be thus usi^) for the teeding of boilers, and for many 
similar industrial purposes, although somewhat practiced both at 
home and abroad, has been by wo means common. Even if the exact 
line cannot he defined at which filtration begins to be called for, and 
will be found profitable, it is certain that in a large number of cases it 
may be employed with real advantage in the economy of fuel, and also 
in the greater durability of the boiler or other form of apparatus in 
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connection with which the water may be used, ft may be carried 
on without any attendant disadvantage of costly apparatus, or of 
complex fixtures of any kind, which are liable to get out of repair, 
perbap.s at the time, of all others, when their service is most urgently 
needed. 

Ifo special form of apparatus need be mentioned In this paper, nor 
need there be any reference to other kinds or types of fixtures than 
the time-honored device of an ^open sand-filled tank or basin. A 
brief discussion of these familiar details may serve to set forth the 
principles involved, and the entire practicability of applying them 
to the water-supply of nearly all kinds of industrial work. The 
general character of this discussion is the more desirable because the 
waters of different localities vary so widely, and so also do the ma- 
terials which, being found near at hand, can alone be used profitably 
in the filtering apparatus. 

It is too often supposed that a filter of any kind is, and must 
necessarily be, only a hopeless annoyance and perplexity to the 
workmen who have charge of it; but this comes chiefly from 
using, or attempting to use, a filter far too small for the work, or 
else from some error in arrangement that ought to he discovered and 
corrected. Sometimes the effort is made to combine the work of 
filtration with that of heating the water, if it be used for boilers, or 
possibly with the storage of the water in some tank of trilliug 
capacity. In many oases the filter is set in some inclosed space, as 
an engine or boiler-room, where the interruption of cleaning becomes 
a genuine annoyance to all concerned. 

If a sim^e mechanical silling alone be attempted, and in mo«t 
cs^ this is all that can be brought within the limit of admissible 
cost, then the problem becomes really a very elementary one, and 
need not involve any more than the plainest fornns of apparatus, and 
the simplest kind of manipulation for theseenringof useful and very 
perfect results. These plain and even rude appliances are in fact 
the ones which alone can endvtre the inevitable rough handliog and 
all the usual exigencies of this clas.H of work. 

This discussion should include : 

1. A description of the basin or inclosure for holding the filter- 
ing medium, and, if needful, for tiie storage of the water after the 
filtration. 

2, A note of the method of patting in the materials used for the 

vot. X .— 8 
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filter-bed, as adapted to the wide variety from which selection may 
have to be made, and also to the ordinary character of the water te 
be treated. 

3. An etplacation of the simple method of worhing under ordi- 
nary circiimstiinces. 

4. A description of the method to be employed in cleaning the 
filter, this being almost the sole working cost of tiie operation, for 
the first cost of construction may be kept within so moderate a limit 
that the interest charge upon it will be trifling, 

L The filter-basin or tank should be divided at least into two 
parts, so that one may be at all times ready for service. If the water 
is likely sometimes to be heavily charged with mud, a larger numboi 
of compartments become needful, for the time needed for cleaning 
is thus increased, and it is then all the more desirable that the 
apparatus in which the water is to be used shall be always definitely 
protected from injury by the mud hi ought in from the source of 
supply* These compartments should be of ample size, for the filter- 
ing process to be perfect must be carried on slowly. The mechaineal 
sifting out of the fine impurities can only be done by passing the 
water through a fine-grained or dense medium, and hence the move- 
ment of the water through this medium must necessarily be slow. 
If space can be found, very large basins are desirable, although useful 
results are obtained in tanks of quite limited size. The outline may 
suit the space which can be devoted to the basin or tank, being either 
rectangular or circular as may be needful. 

The choice of location for the filter-bed may be made to suit the 
exigencies of any given ease. The basins may be put at the source 
of supply, perhaps at a distance from the works, the clean water 
alone being brought through the pipes. On some rivers the material 
of the bank itself is found to be an admirable filtering medium, so 
that the cutting or sinking of a plain trench in this material fills the 
whole requirement. Some filter galleries, on an extended scale, 
have been thus made with excellent results. In some oases wells 
ha\e been sunk by the side of a canal, and from them very pure 
water has been drawn in ample quantity, which, if taken direct from 
the muddy canal, would have been subject to a water tax, as well as 
wholly unfit for the required purpose. 

If an open basin be employed, a screen should be so placed as 
to intercept leaves and similar material, so that tliey may not be 
widely scattered and more troublesome to remove. The mlot-pipe 
should be led in above the usual w^ater-level, so that the amount, 
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and character as to cleanliness of the supply" may be constantly 
observed The outlet io necessarily led away at the bottom of the 
tank, and it should have, at the nearest practicable point to the filter, 
an open discharge, fiom one pipe into another, or into a storage 
reservoir, So that the purity and the amount of flow niaj^ be approxi- 
mately noted at a glance The volume of water passing the filter 
will obviously diminish as the sand surface hceornes saturated or 
filled With mud or silt, and thus, by the flow from an open outlet, 
the comparative condition of the filter may at once be noted. 

2. The material and method of filling must be suited to the water 
which is passing One gtade of fineness of the surface may be quite 
sufficient at one season of the year and doubtful or imperfect at 
another. At the bottom of the basin a layer of tiles, or coarsely 
broken rook, should be laid, so that an ample and uniform outlet 
may be had for the water from all parts of the surface area. This 
tile bottom may serve also a useful purpose in the storage-room, 
which it furnishes for the clean water For the ne:st layer coarsely 
broken brick, ore, slag, or coke should be used, or, indeed, any mate- 
rial which will not become softened by soaking in the water, and 
which IS of a rather rough or angular character m its fracture. The 
next layers may be of the *ame material more finely crushed, so 
that at length, at the upper surface, the whole shall be nearly or 
quite like a fine sand, such as will pass a forty or sixty mesh scieen- 
This method of filling affords in the Dest possible way the oppor- 
tunity of correcting any imperfect working, for, by changing from 
one filter-bed to the alternate, the first may be repacked, or h finer 
material may be put on as needed, until the required result is reached. 

At any iron works one of the best of all materials is usually to 
be found, viz , hard coke, which, when crashed fine, resembles very 
closely the animal charcoal so universally employed for the finest 
filtering, either for household service or for the higher class of manu- 
facturing. In few words, almost anything can be made to seive as 
filtenng material W'hich can be crushed fine enough to act as a 
mechanical barrier to the sediment or mud borne by the water, and 
there are very few works or regions in which some kind of rock 
cannot be obtained. 

3. In the working of the filter, the uniform downward soaking 
away of the water alone needs to be provided for. For thi's purpose 
the water should be as uniformly distributed as possible, and should 
be led on to the filter very quietly. To prevent any disturbance of 
the fine sand surface, a quantity of coarser rock or sand should be 
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Spread to break the fal! or flow of the enteriBg water, m a simple 
timber or plank apron may be laid. This method of filtration is 
obviously suited to the cleansing of any quantity of water, whether 
small or large, op to the maxiroum capacity of the filter. The 
-smallest quantity is as perfectly dealt with as the largest^ and the 
whole apparatus need suffer no material injary from any probable 
standing for a time unused. 

In some climates an open-basin filter would be subject to freezing, 
and thus to a complete stopping, As soon, howeverj^ as the area or 
number of ba^ina required for any given estabimhment has been 
determined, a simple shed or iBcfosiug roof can be ereetiKl at no 
great cost, which, with the constant flow i>f the water, will be found 
ample to prevent ohstrucdou from freezing. In extreme eases the 
tanks or bassos must be fully isiclo&ed hs frost-proof casings, or 
placed inside of some permanent building which can afford the 
needful protection. 

No method of dealing with the waste water from a manufacturing 
establishment is so effective as filtration, so far as freeing it from 
impurities held in suspension are concerned. When elements held 
in solution must be removed or neutralized, the problem becomes a 
difficult one, and its solution, lu the lai^e majority of cases, quite 
passes the limit of admissible cost, 

4. The gradual dimimition of the outward flow from the filter- 
bed, at the open discharge pipe referred to, gives all needed warning 
of the choking or filling up of the surface of the sand stratum at the 
top. When this has reached the fixed limit, the fiovv of water is 
turned into one of the duplicate basins, and the first is suffered to 
become empty and to dry away for cleaning. As a rule, the mud 
and other obstructing sediment will not be found to penetrate deeply, 
and hence the removal by scraping or shovellmg of a thin layer from 
the Burfece, of from one to three inches, will be fonnd to restore quite 
fully the flow of water when it is again turned through the filter. 
Care must be taken in this shovelling or scraping that none of the 
silt material is rammed or ‘^jmddled^^ into the crevices of the sand 
which remains, for few things of its kind are more impervious to 
still water than a stratum of puddled clay or similar material. 
If time enough be taken to let the water soak away quite completely 
from the filling, then the saturated surface can be very readily 
shovelled off and removed. More of the surface material can then 
be spread, or the water turned on at once, in case the top layer was 
originally made thick enou^ to permit several cleansings without 
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removal or repienisliing. The mnd niay be washed and letumed if 
it be at all in scanty sapply , hut if crashed coke be it*^ roagh 
surfaces will eventually become so charged or eoaleci with rood as 
to render it unfit for use* 

It has been remarked that the cost of this cleaning is really the 
sole working expense attending the use of tins class of filtering 
apparatus, and this cost need not be greats or indeed more than quite 
trifling The filter must be of the primitive type thus described in 
order that the eoramon labor, which alone can be charged with the 
detail of such thmgu, shall make no mistake in the reftlliug or the 
cjlcaning required. 

An important though indirect advantage attending the use of a 
filter which has no connection with the work of heating the water 
treated in it, is that the laying ofif for cleaning may be done at any 
time, provided only that a. separate compartment is so arranged that 
the flow may l>e turned through it without any delay* It is obvious 
enough that doplimte filter-heaters may be provided, but as a rule 
they are not, and hence tbeneedeii cleaning of the filter compartment 
must be done when the heater can be spared or is idle, as on a 
Sunday. This necessity is liable to kad to the ronuing of the filter 
longer than it should be run, and to a general haste and imperfect 
cleaning when finally it; is attempted. This ends at length, or is 
very likely to, in an imperfect working of the whole apparatus, and 
a complete abandonment of the attempt to filter the water at all. 
If, on the other hand, ample filtering appliances are provided, of the 
elementary type described, then the barrier thus erected for the pro- 
iectlon of the higher classy of apparatus, from sand and debris of 
all kindsj is rendered very complete and permanent* 

Sometimes, too, an unexpeded deluge of mud is brought in through 
the water-supply, which, in a very short time, and almost wholly 
without notice, fills up solid the pipes, pump*;, and heaters, and even 
finds its way into tuyere pipes and into boilers in hurtful quantities. 
Against such damage as this, no guard can be mam famed so effective 
as that of an open filter of ample area and fitted with these plain 
attachmentSi If the water needed for boilers is at all charged with 
oily matter, a g<H>d sand filter may be relied upon to remove a 
large part of this hurtful element, which, iii many instances, has 
led to the formaiioii in the boiler of a flocculent deposit upon the 
more highly heated plates, and to their serious injury by its non- 
conducting {lower. 

Cai'efu! attention has been given to this subject by railroad mana- 
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gers for the protection of their locomotives, but, as the quantity con- 
sumed in this service is comparatively small, an important pait of 
the purification of the water may be effected by giving it time to 
settle in a tank. There still remains, however, even after the matter 
mechanically suspended has been wholly removed, the frequent 
presence of salts of lime held in solution, and the incrustations duo 
to these are often exceedingly troublesome to deal with They are 
such, too, as cannot be eliminated except by heating, and then only 
in part; but these methods of purification at best ate costly, and 
quite apart from the purpose of the present paper. 

In the first study of a location for a large works, the quantity of 
water is usually the first question to be considered, while the quality 
IS held as secondary, Thi& may be the more safely permitted if care 
be taken, in the outfit of the works, lo provide the filtering fixtures 
needed to restore the quality of the water, if doubtful or bad, to a 
normal and reasonable standard. In any case, the cost of this part 
of the general apparatus may very justly be taken as an investment 
for the insurance of the more costly parts of the machinery against 
one of the causes of injury, from which delay and damage may result 
In all the strictly modern works improved appliances are to be 
found in many of the departments, and improved methods of working 
are continually sought for and adopted. The use of filtered water, 
when it can be had at so trifling and quite nominal a cost, is one of 
these steps in advance in the management of the great masses of 
steam and other machinery of the present day, and it is worthy of u 
more careful consideration and more frequent adoption than it has 
received. With the tendency to constant advance in steam pressures, 
in temperatures in and around furnace pipes and fixtures, and in the 
crowding and driving of hydraulic machinery m general, there is 
need of the use of the very best water supply that can be had, for 
the best, whether from natural or artificial sources, is in no way too 
good for the intense service required 
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Local Committee or Ajsrakgemekts 

He«ry McCormick, Oiairnuin^ David Watts Secretary, H H. Campbell^ 
A S McCreatht S H Ohaarenet, C B StsiTord, George S Comstock, Jones 
Wisterj E C Belton, F W Wood, Harvey Fisher 

CiTIEENb’ RaCBPTtOM COMMITTEE 

Governor H M Hoyt, Hon John C Herman, Hon Simon Cameron, Hon J 
D Cameron, W T Hildrup, Charles L, Bailey, W W Jennings, Lane S. 
Hart, H. H. Carter, Oil Hard Dock, T T Wierman, Jr , James Boyd, D L 
Jaiiss, Dr T J. BunoU, S. C Gilbert, Wilham J Bose, James Lynah, Dr 
H B Bueblet, WiHiajn 8 Lamberton, John Wister, G M McCauley, David 
Fleming, John Q Denney, M E Olmeted, H S Gross, Henry Gilbert John B 
McPherson, Lyman D. Gilbert, F W. Forman, L S Bent, A J. Dull, P B 
Leib, Dr. G, W Beily, James McCormick 

Thu opening session of the meeting was held in the hall of the 
Young Men^s Christian Association, on Tuesday evening, October 
26th. Mr Jones Wister, of the Local Committee of Arrangements, 
introduced the Hon* John C Herman, mayor, who, in a brief ad- 
dress, extended to the members piesent a welcome to the city of 
Harrisbutg; Lieutenant Governor Stone made an address of wel- 
come on behalf of Governor Hoyt and the Commonwealth of Penn- 
sylvania* 

President Metcalf responded, on behalf of the Institute, to the 
cordial addresses of the mayor and lieutenant-governor. 

The following persons proposed for members and assomatesof the 
Institute, and i^ecommended by the Council, were unanimously 
elected 

MBHBEHS, 

William P Aldrich, , * . Moutevalto, Shelby Co,, Ala- 

Georgo H Blake^ , • . • StecHon, Dauphin C6 , Pa, 

hu Bertram Cady, , , * • Salisbury, N C 

Jiilin B Church, . . , , Fottsville, Pa 

Walter S. Church, .... Pottaville, Fa 

Frank L Clark, . Pittsburgh, Fa 

^ In the following list are mduded those elected at a subsequent eeseion of 
this meeting 
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Thomas H CJaik^ * 
George M B.mci&on, Jr , 
Edward S Davies, 

Henry C Davis, 

John M Desloge, 

John EnJey, 

C. B Finley, 

John J Fisher, 

Henry Fulton, . 

Willum E George, 
William Glenn, 

David S Goddard, 

Henry S Gross, 

James F Hall, 

Frofessor Edward Hart, 
Henry Y Haws, 

E P Hem en way, 

F C Holman, * 

Griffith Jones, 

Hugh Kennedy, 

Daniel King, 

Frank J Kramer, 

John C Lontr, 

John A McGuflin, 
William M Marple, 
Joseph Morgan, Jr , 
Henry G Morse, 

Knight Keftel, 

Thomas B iNichols, 
William J* KicolU, 
Webster Norri«, 

H C Perkins, » 

Robert Pitcairn, 

E W indsor Bicbai ds, 
Thomas A Bobertt>j 
H, Sehuljse-Berge, 

I M Scott, 

Edward H Sears, 

Albert Spies, 

Charles A Stetefcldt, 
John M Stinson, 

Fred, W Tayloi, 

Robert M Thompson, 

J “FI Tilemann, 

H. 0 Torrance, 

J-ohn Townsend, 

Magnus Troilius, 

Alfred Tucker, . 

William R Walker, 

H A Wheeler, 


Mansfield Tallev, Allegb-eny Co Pa. 
Johnstown Cambria Co , Pa 
. Pottstuwn, Fa 
Philadelphia 
Bonne Tern^ Mo 
Ptiedensvilk, Lehigh Co, Pa 
Huntingdon, Pa. 

Allentown, Pa 
Ward, Boulder Co , Colo 
Dover, New Jersey 
South Stafford, Vt 
. Steelton, Dauphin Co , Pa 
Harrisburg, Pa 
Tarry town, N Y 
Easton, Pa 
Johnstown, Fa 
Johnstown, Pa 

Mansfield Valley, Allegheny Co , Pa 
Pottslown, Pa 
Etna, Allegheny Co , Pa 
. PincGrove Furnace, Cumberland Co , Pa 
Parryville, Carbon Co , Pa 
Richmond Furnace, Franklin Co , Pa 
Sewell Depot, 0. ds 0 Ry , W Ya 
Clinton, N Y. 

, Johnstown, Pa 
Youngstpwn, Ohio 
New York City 
Bogota, U S.ofC , S A 
Snow Shoe, Centre Co , Fa 
Johnstown, Pa 

. North Bloomfield, Nevada Co , Oa) 
Pittsburgh, Fa 
Middlesbrough, England 
Bedford, Pa 
. Fitt&burgh, Pa 
San Francibco, Cal, 

Collinsville, Conn 
Jersey City, N J 
Now York Citv 
Harrifcburg, Pa 

Snaithbonian Washington, D C 

New York City 
, Natrona, Pa 

Braddock, Allegheny Co , Pa 
Steelton, Dauphin Co , Pa 
, London, England 
. Philadelphia 
. Chicago, Ilk 
, New York City 
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Joseph 0, ’VThitoVc"', 

Steelton, Dauphin, Co 

J SohuH Wilhplai, 

. Cornwall, Lebanon Co 

D H Williams, 

. Homestead, Allegheny 

Arthur 

Pinladelphm 

WilhatJQ J "Wood, 

. , . CoUinsYille, Conn 

Edward H Woodwaid, 

New York City. 

James Witherspoon, * 

. . Seneca Falls, N Y, 


ASSOCIATES. 

Victor M Biaschi, 

, New York Cilv 

Samuel F Barnet, 

. Carondelet, Mo 

H B Burt. 

Philadelphia 

Albert Caiman 

New York City 

Hunter Kelcert, 

Beading, Pa 

Thomas H Hulbert, 

■VVa*ih!ngtijn, GtV 

Frarfk Julian, * 

St Loui->, Mo 

3?aniel J Leary, 

. Brooklyn, N Y 

Joseph H Long, 

Pittsbuigh, Pa 

W S Mackintosh, 

Pittsburgh, Pa 

Joseph T Monoll, 

, . Kansas Cl tv. Mo. 

James H* Murdock, 

1 . Pttt^^burgU, Pa 

L H KUterskamp, 

. . St Loms, Ho 

William J Rose, 

. . * Harrisnuig, Pa 

S Bent Ru-^sell, 

u . St Louis, 

Edward Young, . 

, New York OUy 


Pa 


The status of the followiog associates was changed to luetnbcr : 
E, V McCaodless, S- S. Ilartrauft, Joseph Hartshorne, and T. 

IS teams* 

Mr. S, H. Chanvenet, of Harnsbarg, read a paper on The In- 
dustries of Harrisburg. 

Mr, E, Windsor Richards, of Middlesbrough, England, gave, 
by request of the Council of the Institute, a defeoriptian of the origina, 
progreab, and pieseiit condition of the basic process m England 

The second session was held on Wednesday morning, wdien tho 
following papers were read : 

The Available Tonnage of the Bituminous Coal-fields of Penn- 
sylvania, by H. Mariyn Chance, M.D,, of Philadelphia. 

The Flannery Boiler-settmg for the Prevention of Smoke, by 
Charles A* Ashburuer) of Philadelphia. 

Mr, A C. Rand oailwl attention to a compound tor blasting 
purposes, <i^pose<l of two ingredients, each non-cxplosive by itself, 
to be mJjsted immediately befoie use 
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At the eonclosjon of this session an excursion was made, by special 
tram provided by the Pennsylvania Railroad Company, to the fol- 
lowing worfes: The PeonsyKama Steel Works, Lochiel Bolling 
Mil!, Paxton Furnaces, Paxton Rolling Mill, Cential lion Works, 
Ch^apeake Nail Works, and Hanisbnrg Car Manufacturing Works. 
An exhibition of the effect of the blasting compound, described by 
Mr Rand at the morning session, was made at the limestone quarry 
adjoining the Paxton Furnaces. At Steekon the members were 
invited to lunch by the Pennsylvania Steel Company. 

In the evening there was a reception at the Governors mansion, 
given by the citizens and ladies of Harrisburg to the visiting mem- 
bers and accooipa&yiDg fadies. 

On Thursday an excursion was made by special train, provided 
by the Cumberland Valley Railroad, over the Cumberland Valley, 
the Dillsburg and Meohanicsburg, Harusburg aod Potomac, and 
South Mountain railroads. Opportunity was afforded on this trip 
to visit the hematite ore mines of the Philadelphia and Reading 
Coal and Iron Company, the Carlisle Inm Works, tlie hematite ore 
mines on the line of the South Mountain Railroad, Laurel Forge, 
and Pino Grove Funiace, Mr J C. Fuller kindly entertained the 
party at his house at Pine Grove. Ou the return to Harrisburg the 
Indian School at Carlisle was visited^ under the guidance of Captain 
Pratt, CJ. S. A., and his teachers. 

The third session was held on Thursday evening. Mr Troilius's 
paper ou Chemical Methods for Analyzing Rail Steel was read and 
discussed. 

Written cotnmanications on this paper were read (in absencse of 
the authors) from Messrs Gayley and Farrell, Emmerton. Dewey, 
Mackintosh, Wright, and Cabot. 

There were also read at this session the following papers - 

The Analysis of Iron Ores containing both Titanic and Phos^ 
phoric Acids, by T, M. Drown and P* W. Shiraer, of Easton, Pa 

The Great Fhit-Top Coal-field of New River in Virginia and 
West Virginia, by Jed Hotchkiss, of Staunton, Va- 

The fourth Bession was held on Friday morning. Papera were 
lead on a Test Support for the English Cupellation Furnace, by F. 
C. Blake, of Mansfield Valley, Pa., and on Improvements in Fire- 
brick Stoves, by Julian Kennedy, of the Edgar Thomson Steel 
Works, of Pittsburgh, Pa, 
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General J. F. Hall by a series of lithogmpWe 

plates illustrating Timby^s luethc^ of harbor defence by revolving 
turrets. 

The following papers were read by title* 

Method of Assaying Silver Btillion, by F. C Blake, of MsnsSeld 
Valley, Pa. 

Notes Of! the Geology and Mineralogy of San Juan County^ Col 
orado; by Theodore Comstock, of Eureka, Colorado. 

The Analysis of Statistics, Second Paper, br A. W. Hale, of New 
York. 

The Chiy&ohte Mine Fire, by C. M. Rolker, of Leadville, Colo- 
rado. 

The Presence of Tellunum in some Commercial Cuppera, by Pr. T. 
Eglebton, of New York* 

The Binding of In-walls of Blast Furnaces, by S* H* Chauvenet, 
of Harrisburg, 

The following resolutions were offered and unanimously adopted: 


Whekeis, The Andencan Institute of Mining Engineers has been the remp* 
unufewal attentinn »n<3 h capital i iie<i m Harruburg find vicimty, vhieb call 
for gratt^ful recognition 

jRejtolted^ That while we realize the unsatufaetory character of mere foimai 
resol utione of thanks, which can at best but mperfectly express oiir siense of ob- 
ligations, we desire to place »pf>n our tniniites an expression of oui indebtedness 
to Governor and Mrs. Hoyt, the citizens and ladies of Hamsburg, Mr •! C 
Fuller, of Fme Grove, iho Cornwall Ore Bank Company, and the President and 
o^Scet•*l of the FeniisySvunia Steel Company, for their charming and hospitable 
entertHmmcntsj to the Peniisylvanta, Philadelphia and Reading, Cumberland 
Valley, South Mountnm, Hurnsburg and Potomac, MechanicaUirg and Dills- 
burg, and the Cornwall tailroud compames foi the favors of tiansportation 
on special trains J to the proprietors and officers of min^s and works lor the many 
favors shown to the Institute, and lo the Local CommUieo for their admirable 
arrangements and thoughtful ‘solicitude tor the pleasure and profitot the visiting 
memberf* 

I^esoivcdi That the Secretary of the Institute be instructed to give suitable 
expression to oiu senuments in letters of acknowledgment and thanks 

Mr Birkinbme gave notice tbat he would offer an amendment to 
Rule VI at the next annual meeting. 

The President then announced that> in accordance with the pro- 
gmmme, the meeting was formally adjourned ; but that there would 
be a supplementary session in the evening, when Mr T* F* With- 
erbee, who was unable to arrive in time for the regular sessions^ 
would read his paper on The Use of High Explosives in the Blast 
Furnace, 
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At the conclusion of the morning session an exenreion was raa>le 
by special tram, provided by the Philadelphia and Reading Railroad 
Company, to the new Colebrook furnaces, and the Cornwall Ore 
Banks near Lebanon The party were kindly entertained at lunch 
in the Opera House in Lebanon by the Cornwall Ore Bank Com- 
p-uiy. 

In the evening the members and their ladies were invited by the 
Pennsylvania Steel Company to a complimentary banquet at the 
Lochiel House. 



PAPERS 

OF THf- 

HARRISBURG, PA., MEETING, 


OCTOBER, imt 




TBE IBBUSTBIES OF BABRIBBUBG. 


BY S K. CHATJYElffBT, HAHRTSBXXRG, PA. 

Habrisburg is Situated ou the Penusylvauia Railroad, one hun^ 
died and five miles from Philadelphia^twohundred and forty-eight mdes 
fiom Pittsburgh, and ninety miles from Baltimore, and has running 
through it the Pennsylvania, Northern Central, Philadelphia and 
Reading, and Cumberland Valley Railroads, and the Pennsylvania 
CanaL Surrounded by a thickly settled farming oouiitry, from 
%vhich to draw native labor, within easy distance uf anthracite and 
bitummous coal, 'with ores and limestone near at hand, and witli the 
Susquehanna River as a never-failing water supply, Hairisbuig has 
advantages for manufacturing which warrant the investment of the 
capital that has already been made, and has a future as a nianufac- 
tilling city aseeond only to Pittsburgh and Philadelphia 

The Pejsinsyia^ania Steel Company, 

li. S. BENT, SUPERINTENDENT 

The works of this company, the largest in Harrisburg, he be- 
tween the Peunsylvaaia and the Philadelphia and Reading Railroads, 
on the Pennsylvania Canal, and are essentially devoted to the manu- 
facture of Bessemer steel rails. Capital stock, $2,000,000, invested 
m business, $5,000,000; wages per month, $80,000, employs 2000 
men , capacity, 100,000 tons of rails per year, which is being in- 
creased to 130,000 tons 

The plant, as it now stands, comprises fiye Bessemer converters, two 
7-toii and three S-ton coiiveiters, two 15-ton open-hearth furnaces m 
operation, and two SO-ton open-hearth farnaoes in course of CK>nstruc- 
tioB, one blooming mill, one lail mill, seven steam hammers, two 
blast furnaces m operation, two blast furnaces in course of construc- 
tion, foundry, pattern shop, machine shop, blacksmith shop, and frog 
shop, and merchant mill in course of comtiuction 

No 1 was built m 1865, with two 7-ton converters, 2 
Spiegel cupolas, 8 feet diameter, and S iron cupolas 6' 6^^ diameter, 

VOX/. X —9 
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and bas a capacity of 500 tons in 24 hours. The blowing engine is 
a horizontal condensing engine, with iwo steam c/Liidors, 40^' x bO"', 
and two l)iowirig cylinders, 54^' x 60 " Pressure of blast, from 20 
to 25 pounds 

Bessemer No 2 was built in ISbl, It has three 8-ton comeriers, 
served by two hydraulic ladle cranes, in two castirtg-pits, and six by- 
dtaulic cranes for setting and drawing tnouids, handling bofctomSj etc 
The hydraulic pre^^saic is 300 pounds per square inch The blowing 
engine is a compound horizontal, with a high pressure cylinder, 25^^ 
X 70'^ and low pressure, 50'^ x 70'^, with separate air-pump eon- 
denseis, and aKo a Buikley condenser attached Piessuie of blast, 
25 to 30 pounds This engine was built in the Pennsylvania Steel 
Company’s shops Theie are four non cupolas, 6^ 6'^ diameter, and 
four ‘^pieg^l cupolas, 3' 0'^ diametei, blown by two No 7 Baker 
blowers, oi two fchree-oylinder blowing engines 

The capacity of this Bessemer has not yet been determined, as it has 
only been iu operation two weeks Theie are many points of nn 
provemeni ovei the old Bessemer, which cannot be described m this 
{upn All the castings, boileis, roofs, wroiight-iron work, and 
engines of this plant were made and elected by the Pennsylvania 
St^^el Company 

The Bioomnq 2Vatn is three high, rolls 34" in diametei, dnven 
by a vertical condensing engine, 44" x 54" cylinder. The ca- 
pacity of this null has never been determined, but is easily 600 
tons in 24 hours. The ingot.« aie delivered hot to the blooming 
mill iiom the Bessemer, and charged into four Siemens heating fur- 
na< 2 es, six ingotb being a charge for each furnace The ingots aie 
14 incbe.*H square and make four mils each The blooms arc cut 
under a 4- ton >iteani hammer (Sellers), and are loaded by a hydraulic 
crane on buggiCSj which are {mlled by a water engine to the rad mill. 

The Hail Tram is thieo high, rolls 23" diameter, driven by a 
40" X 60" engine, with Rulkley condenser attached This tram has 
rolled PllO rails ‘m 24 hours. The saw-train js Gusrin^s patent. 
Two straightening presses and four drill presses handle the rails as 
fast as roiled 

The Open Hearth Furnaces^ built in 1876, consisted of two 6-ton 
furnaces, which were enlarged later to 15-ton capacity. The new 
open-hoarth furnaces in course of eonstructiou are each SO-ton, Each 
furnace has a casHng-jut, aud the two are served by five hydiaulic 
cranes 

A Steam Hammer is placed between the blooming mill and 
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raji milL Under it heavy shaft&^ cross-heads, aod piston rods are 
forced. When not in use for heavy work it hammers sp^ml steel 
into slabs and billets* 

A 4:-toii Hammer^ adjoining the bloommg miUj and a l-ton ham- 
mei Ml the lail mill are ust;d almost exclusivelv foi s]aK<? and billets 

The Foundry^ 60' x 225', has two cupolas, 5' 0" diameter, two 
core ovens, and five lo-tou steam ciane? All ingot moulds are 
made here and all castings foi repair^ and new work* The capacity 
of the foundry is 40 tons of finished castings a day. 

The Patteni Shop has two circular saws, one Darnel-^ planer, one 
hand planer, a bandsaw, and one lathe, and bench room for fourteen 
men. 

The Morphine Shop is 76' x 230', and contains, thii teen lathes, from 
96" to 10"; five planers, which take from 8' square lo 20" square, 
one 48" boimg lathe, one 84" t)<:>ring and turning machioe, three 10' 
radial drills, two dulling machines, two shapers, tvm slottiuj^ ma- 
chines, two horizontal boring machines, two bolt cutteis one pipe 
cutter. 

The Bhfckiijniih Shop, 60' x 75', contains two 1000-pound steam- 
hammers, and 14 fires. 

The Bodcr Shopy 75^ x 127', contains 3 drill-presses, 2 shears, 1 
jiuncbiDg- machine, bending-rolls, and 1 hydraulic riveting-inachme 
In this shop all steam-boileis, draft-stacks, anci iron roofs are built. 

The Frog Shop^ 60' x 400', has a capacity of S30,000 to ^40,000 
per month in railroad frogs and switches, crossings and interlock- 
ing apparatus. It contains 14 planers, 6 dnll-presses, 2 slotlers, 
2 lathes, 1 milling-machine, i shaper, 1 pm-machine, 1 steam-ham- 
mer, 1 combined punch and shear, I single punch, 1 steam-riveter, 
1 liydraulic bendmg-rnachine, 10 fires, and 1 heating- furnace A 
new frog shop is to be put up immediately, 80' x 400', with im- 
proved facilities 

B^ast Fumaee;^,~l^o 1, 14' x 60'^ is blown by a vertical con- 
denbing^engine, 84" blowing eylmder, 48" stroke; it has 4 pipe- 
ovens, of Kent’s pattern ; the fuel used is anthracite coal and coke ; 
the oies are native Pennsylvania, Virginia, and New Jersey, and 
Spanish and African* The product is 50 to 60 tons per day 

No. 2, *20' X 76', IS blown by two vertical condensing-engines, 
84" X 48" , 3 Whitwell stoves, 18' x 60' ; fuel and ores are the same 
as No 1 , product, 840 tons per week. The product of both fur- 
naces is used in the Bessemer 

No. 3 and No. 4 blast-furnaces are each 16' x 65' They are to 
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be blown by vertical condeDsing-engmes, 70'^ x 48^^, 2 blowing cyl- 
inders to each engine^ with a capacity of 22,000 cubic feet of air per 
minute These engines are being bmli by the Pennsylvania Steel 
Company, Each furnace has 3 Whitwell stoves, 18^ x Of/, and will 
use the same fuel and ores as Nos. 1 and 2 

A Merchant Mill is m course of construction. The building, 100^ 
X 400"', will contain one 12-113 loll tram, and one 20«in roll tuim, 
the first driven by a hoiizontal Hughes & Philhp* engine, 22'^ x 
SO'', the second by a horizontal Porter-Alien engine, 32 ^ x 48". 

Hmuntj FurmocB are Si^eet ^ patent. 

The Lochibl Roixtho Mile Company. 

HENRY m'cOBMICJG: PRESIDENT. 

This company has a capital stock of |400,000, and employs from 
550 to 600 men. 

The plant consists of a raihfcrairi, 19^" diameter, driven by a 42" 
X 42" vertical engine At present it is rolling rads from blooms raad«^ 
by the Pennsylvania Steel Company. The blooms are heated in S 
coal-furnaces, and the capacity of the tram is 750 rads in 24 hours 

PuddUe-train^ 19" dianieler, driven by a 24" x 48" engine^ with 
12 double-puddling furnaces; product, 45 to 50 tons m 24 hours, 

BaMmin, 16" diameter, with 2 heating^furnaces ; product, 22 to 
25 tons per day 

Guzde-train, 9" diameter, with one heating-furnace; product, 11 to 
15 tons per day. 

Sutt-trmiif 16" diameter, with one heating-furnace ; product, 18 to 
20 tons per day 

The bar, guide-j and butt trains are driven by one engine, 32" by 
32". 

One stacks 14' x 52', closed top, pipe ovens; fuel, 
anthracite coal and coke; ores fossil, Cornwall and. Dillsburg, and 
mill cmder, product, 7500 tons per annum. 

Ikon Works of the McCormick Estate, 

HENRY mT^RMICK, TREASDEER, 

I{a7nsburff Nail Worh were built in 1810, and located at Fair* 
view, directly opposite Harrisburg, on the Northern Central Rail- 
way 

The plant consists of 2 roll-trams, 19" diameter, one puddle and 
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one rail plate roll-tnunSj 9 double puddling-fornaceSj 3 Jbeating-fiir- 
naceSj and 75 nad machines 

The puddle*tram is driven by water power, and the naii plate- 
trB,m by a 200 horse power engine- Pr<^uct, 10,000 tons of nails, 
ncil-plaie, and muck-barj per year ; S50 men and boys aie employed. 

Paxton Rolhii^ MiU was built in 1369 (John Q Denn/j super- 
mtendent) It contains 3 roO-trains, largest 30^' diameter, 5 double 
fiiropces, 5 beating-furnaces, and 1 steam hammer- The product is 
9000 tons per year^ of boiler, skelp, and tank iron ; 200 men are 
eniployed- 

Paxtoa Bla^i Furmoes^ McCormick & Co, 

No, 1 stack was built in 1855, 14^ x 50'; blown by an 84" x 84" 
engine; pipe ovens in use, but Whitwell stoves are now in course of 
constraction. The product is 10,000 tons per year. 

Ko, 2 stack was built in 1872, 16' x 60', blown by 84" x 84" 
engine; 3 WhitweU $tove=>; fuel, anthracite coal and coke; ores, 
York County, Pa , magnetic, Cornwall, and fossil ore from Juniata 
County, Pa. The product is 22,000 tons per year; about 300 men 
are employed at both furnaces. 

Chesapeaicb Nail Works, 

CHARLES L. BAILEY & CO 

Capital invested §500,000, employs ‘dOOincD, and pays §165,000 
wages annually. 

The plant coo^^ists of 16 single puddling furnaces, 3 heating fur- 
naces, 3 re-beating furnaces for nail plates, 2 bluing furnaces, 1 an- 
nealing furnace for clJncb nails, 1 puddle train, 81 nail machines. 
The annual product is 10,000 tons of muck bar, and 220,000 kegs 
of nails. 


Central Iron Works, 

CHARLES L BAILEY, PRESIDENT 

Capital §200,000 ; employs 120 men, and pays §100,000 wages 
annually 

The plant consists of 5 double, and 1 single puddling furnace, 3 
heating furnaces, 1 puddle mill, 1 plate train (3 high rolls), 32" 
diameter, driven by a 36" x 60" engine 

The product is 8000 tons of plate iron and 7000 tons of muck bar 
Plates 88" wide and ordinary lengths, from No. 10 to IJ" thick 
are rolled in this mill. 
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Thr« firm is now putting; ni anotlii?i plate train, 25^' diairteterj 3 
high, driven by a 25^'x60^^ hoiiiionta] engine 

ffAKBrsBaEGr Car SfANUFAcruniFG Company, 

W T HILDRIjP, felTFEElJvSTENDENT* 

Capital ^toek §500,000; inve^^ted m business, §1,000,000; em- 
ploys SOO men, amount of monthly pay roll §26,000 

The number of cars built tidily is 12 to 15, with a daily oonsump- 
tion of 30 tons of charcoal iron, 15 tons of anthracite iron, 40,000 
to 45,000 feet of lumber, ami 15 tonss of bar iron 

The average value of cars §600, and the total yearly product 
gbout §2,500,000 

Tins otmipany.— one of ihe most prosperous in Hainsbnrg, — has 
a blast furnciee, which is being remodelled. Its .sawmill is the largest 
m the cuy. 

loiindry an<l Ma<Mme DepmtMent of the ITa^Thburff Car Manu- 
faduring Co — In this establishment are manufactured portable and 
stationary engines, all kinds of foundry and boiler work, and agri- 
cultural nnplensents of various descriptions Its capacity one poit- 
able engine per day, and iO tons of foundry castings, also an annua! 
production of 600 corn-planters. The number of men employed is 
176 

The Wister BluVst Furnace. 

This furnace was built m 1867, originally 14' x 45^, but recently 
altered to 14' x 60'. It is blown by a 30" x 48" honaiontal engine, 
geared to drive two blowing cylinders 72" x 72". This engine blows 
260 cubic feet of air per stroke, and is capable of running 30 to 35 
revolutions per minute, at a pressure of 6 to 7 pounds of blast. 

There are three batteries of boilers, two of which give ample steam 
power Two Kent 8-iiich pipe ovens heat the blast to 1000*^ or 
1100^ F. Only one oven is blown through, leaving one m reserve. 

Fuel, I anthracite, | coke; ores, DdJsbnrg, Seiajholtzville, Corn- 
wall, and for two years past, about oae-third from Spain and other 
foreign countries Capacity, 45 tons per day. 

The J^oursE Furnace, 

W. H WOOPWARD & DANIEL KING, PROPBiETORS. 

This furnace was built in 1875, but was not blown in until 1880. 
The stack 10' x 50', blown by a 60" x 60" horizontal engine, 
with pipe ovens, binltby Raymond & Campbell, of Middletown, Pa. 
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Fuel, anthracite coal and coke, ores, hematite from the Cumber- 
land Valley, and Dillsbuig magnetite 

The product is from 120 to 130 torib per week. 

Hummbg, Fbndriuk & Co 

This firm has lately begun the manufaaute of bar iron and tires. 
The plant consists of a small merchant tram and two beating fur- 
naces 

Jackson MANUFAcrtrRmG Company, 

JAMES X. CHAMBERLIN, PRESIDENT 

The business of this company, which has lecenxly been reorgaiii 2 ed 
and incorporated, is the manufacture of a wide range of mimng 
implements At present they manufacture only steel barrows* This 
product IS shipped chiefiy ink) the mining regions of the West, large 
consignments being constantly made to Pueblo fc^r imning purposes 
in Colorado They have also exported qune a ki^e number of bar- 
rows 

Capital invested, $50,^300 ; present capacity of works, 15 to 20 
steel barrows per day, employing 20 to 25 hands. 

HARRfssuRa Chain Works, 

JOSHUA W. JONES, PROPRIETOR, 

This industry has been but reoently established m Harrisburg, and 
the above works are not yet fully completed At prebeiit only four 
furnaces are in operation, but eight others will soon be erecterl. The 
principal product will be chain bale-ties, and the capacity of the 
works IS estimated at 3000 per month, A small Baxter engine is 
employed to drive a fan for fireSj and an oven (8' x 2^ x 6') is used for 
japanning the chains. Twelve men are employed. 

Eagle Works. 

This establishment is owned by Mr W. O Hickok, and has been 
m operation about 26 or 30 years It embraces a machine shop 
fitted up for doing all kinds of machine work, an iron foundry, a 
brass foundry, and a wuod-work shop, and gives employment tofiom 
60 to 120 men. It has a large local trade; but its principal pro- 
duct IS a class of machine work, — ruling machines, ruling pens, 
sawing machines, press boards, table shears, etc*, — that is extensively 
sold in Europe, South America, Cuba, and Australia 
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Harrisburg Steam Boiler Works. 

These works are owned and operated by Robert Tippetfs Sons 
They were built ui 1863 by Robert Tippett. Their principal busi- 
ness IS the manufacture of steam boilers, furnace work^ statks, etc 
They ship punched and shaped iron to Ohio^ Alabama, and Tennes- 
see The works employ 60 hands, and have a capacity of 30 tons 
per week 

J. D. Marshbank & SoN^s Works* 

These works manufacture steam and hot- water fittings; also, va- 
rious descriptions of heavy and light castings* The annual value of 
their pivxluct js $30,000, and they give employment to 35 hands. 

In addition to the above, there are tiutnerous other iron industries 
in Harrisburg. 

Bay Bros, carry on a general foundry business, \Tith a probable 
annual capacity of 500 tons. 

The Wilson Manufacturing Company are manufacturers of agri- 
cultural implements, and make a variety of castingt>, 

Harrisburg Firebbicr Works, 

GEORGE W, BUEHLER, TREASURER. 

These works were built m 1869, and have been in successful ope- 
ration since that date. They manufacture firebrick for blast furnaces. 
Steel works, and rolliog-mill use, and have a capacity of 2,000,000 
brick per annum, which amount could be readily increased. The 
clays used are from the several well-known deposits in New Jersey, 
and from Clearfield, Clinton, Dauphin, aud Lebanon counties in 
Penn^Ivania. All the firebrick are made of these several clays com- 
bined in various proportions as best suits the intended use. 

A forty horse power engine is employed in grinding and mixing 
the clays. The works give employment to 30 hands. 

Hydraulic C3eu£Ent Fife WobkS; 

HENRY J. BEATTY, PROPRIETOR. 

These works have been in successful operation during the past 
eighteen months, manufacturing cement drain-pipes, and cement 
ware, or artificial stone* The product is sold throughout the whole 
of Central Pennsylvania. The capacity of the works is 25,000 feet 
of drain-pipe per anaum* The capital invested is $15,000, and the 
works give employment to 12 raen* 
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H^bbisbubg Cotton Mill, 

GEOBQ-E CALDEE, JR ^ PROPRIETOR. 

This miii was Imilt some 2o }ears ago. It has 8000 spindle=i and 
2S0 loomSj with ‘a capacity of 2700 bales cotton, producmg chev- 
iots, drilling, foiir«bhaft tw«lls, dack, warps, yarn®:, etc The num- 
ber of hands employed is 260, and the monihly pay-roll amoauts to 
?4500. 

The lumber* and interests are quite large in Harrisburg 

and vicinity, and there are two large sash, door, and blind factories 

There are also two fiounng owned by the McCormick Es- 
tate, — the Taxton mill, with a <*apacity of 400 barrels per day by the 
new process, and the Lochiel mill, woth a capacity of 100 bairels 
per day. 

Brosheb, McCulloch & Co. 

This firm have recently began the manufacture of handles for 
axes, pieks, etc. Capacity, 150 dozen handles per day; employs 40 
men. 


TME ANALYSIS OF lEON OEES COlYTAIWim BOTH 
PJTOSPirOIJIO AND TIT Amo ACIBS 

BY THOMA!^ M. LPuWN, M D , AND P W. SHIHEE M E , EASTON, PA. 

The precipitation of phosphoric with titanic acid, by boiling an 
iron solntfon which had been reduced to the ferrous condition by 
sulphuretted hydrogen or sulphurous acid, was first noticed by E. H. 
Bogardus in 1 874.*^ Since that time, as far as we are aware, not much 
has been published on the relation of these two acids to each other, 
and to sihdc acid, in the ordinary course of analysis of iron ores, 
The following investigation may perhaps aid in clearing op some of 
the obscure points in the analysis of titaniferous ores. 

THE DETERMINATION OF PH<^PHORUS. 

From two to five grams of the finely powdered ore are waghed 
into a beaker and treated with about 50 c c. of hydrochloric acid 
(sp. gr, 1,12)^ evaporated to dryn^, and heated in an air-bath for 


* Aaiencttn Jotirnal of SCK^nce, III, 8^ p. 334 
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an hour to 110^ to 120^ C. To the dry R)afis are added 50 cc of 
hydrochloric acid (1 12), and the solution filtered off fiom the in- 
soluble reMdne On washing this residue with water the filtrate 
often runs through turbid. This can be avoided by washing with 
dilute nitric acid, oi, better, with an acid solution of ammoniom 
nitrate. The filtrate contains the greater part of the phosphoric 
acid, but the residue may contain a notable amount. 

Trmimerd of tka Kesidve — Fuse the residue with sodiuin car- 
bonate and extract with water. Sodium phosphate and silicate go 
into solution and !=odiiim iitauale lemains insoluble. Filter, aeirlify 
the filtrate with nitric acid, evaporate to dryness, moisten with nitric 
and dissolve in water. Filter from the silica, concentrate the 
filtrate, neutralize nearly with ammonia, and precipitate with animo- 
jiium molybdate. This is the best method of separating the phos- 
phorus from the insoluble residue. The greater part of the phos- 
phorus may, however, be e\tracfced fiom the moist residue by washing 
with ammonia. 

Treatment of the Filtrate . — Evaporate to a small bulk, and add 
enough nitric acid to drive oif all the hydrochloric acid on evapo- 
ration. If the concentrated solution is clear, add ammonin until 
a slight permanent precipitate is formed redlssolve this in a few 
drops of nunc acid, and add ammonium molybdate solution. 

In the ores of which we are speaking, a precipitate generally 
separates an evaporating to a small bulk. The addition of more 
nitric acid with continued heat often redissolves this; in this case, 
the evaporation must not be carried too far, or the precipitate will 
again separate. This precipitate contains phosphoric acid and 
titanic acid. If it is impossible to get it into solution in nitric acid, 
it must be filtered off and washed with ammonium nitrate solution 
Tl is then ignited, fused with sodium carbonate, extracted with water, 
and the filtrate, after acidifying with nitric acid, precipitated with 
molybdate solution. 

After the addition of the ammonium molybdate to the main solu- 
tion, as mentioned above, it is heated rather hot, say from 60° to 
70° C., for half an hour, with frequent vigorous stirring. The 
precipitate is usually allowed to stand over night, but if filtered 
within two hours, there will be no appreciable amount of phosphorus 
unpreoipitated. The yellow precipitate is filtered off and washed 
well With a mixture of 325 c.c. of nitric acid (sp.gr. 1.2), 100 
cc. of ammoninm hydrate (sp. gr. 0 96), and 100 ca of water It 
IS then dissolved upon the filter in dilute ammonia. The solution 
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Will probaHly run through turbid, and a gelaJ/inous residue will re- 
main ni the filter The solution 5« heated for some time and filtered, 
and ihia residuoj which contain^ both phosphoric and titanic acid, is 
treated, together with the gelatmous residue insoluble in ammonia, 
with nitrtc acid, and the resulting solution preci pi fated with ammo- 
nium molybdate By heating and btining, the phosphoi icacid can be 
cornpletel} piecipitated m an hour, so that it v/ill not retard the analy- 
sis materially The solution of thia yellow precipitate m ammonidi is 
to be added to ihe main ammoniaeal solution^ and magnesia mixture 
added with the usual precautioni. By active btirring after the addi- 
tion of niagne’>ia mixture the complete precipitation of the phos- 
phoric acid mav be effeotod in an hour or tw^o.^ In the analysis of 
an ore containing 4 71 per cent of phosphoric acid (mostly as apatite) 
and 0,65 per cent, of titanic acid, the phosphoric acid was found (in 
duplicate analyses! follows: 

I IT 

Pho!i»phoric flcid >n the hjdmchloru acid solutiorij 4 370 4 330 

Fhosphoiic acid intheifc^idue iniol'iblein b’rdroohloriG 
acid, . 0.280 0 390 

Fhospbonc acid in thepiecipitate which separated fTonci 
the solution of the yellow precipitate in arnnionuim 
hydrate, , 0 016 0 027 

Total, . .. 4 666 4 747 

EETEHMTNATIOK OP THE TITANIO ACID 
One to two grains of the finely powdered ore are weighed into a 
large platinum crucible. Potassium bisulphate j to the amount of 12 
to 1 5 times the weight of the ore is next weighed out in another vessel. 
Mix the ore in the bottom of the crucible with about one-quarter of 
the bisulphate, and fuse until the excess of sulphuric acid is nearly all 
driven off Daring the progress of the fusion^ the lid must be lifted a 
very little at short intervals, in order to watch the state of the fusion. 
It should not he allowed to rise above two-thirds the height of the 


^ The action of stirnnsf, or agitation, in hastening precipitation, although 

well known, is not, I think, ah made use of ui analysis as it might be 
f In order to make a sucee'islul determination of titanic acid, it is necessary 
to have good potfl&^ium bisulpbate This can seWom be bought in a condition 
fit Jor use It usually contains water, sometimes an excess of solphunc acid , 
it also usually contains an insoluble sihcious residue To prepare it for use, it 
IS dissolved in wafer and filtered, the solution evaporated to dryness, and fused 
until all the water is driven oH and the mass is in quiet fusion It is sometimes 
necessary to di ive oft some sulphuric acid It is then powdered for use Bisul* 
phate thus prepared will not mount ei.cessively m the crucible, and a quiet fusion 
at a red heat can be obiamed 



140 


ANALYSIS OF TITANIFEBOUS IRON ORES 


crucible. Add now aiiotlier quarter of the bisulphatej and lieat 
again a& before, until neai'ly all the excess of sulphuric acid is driven 
off Then add the remaining half of the bisiilphate, and heat until 
the whole mas® is in r|iiiet fusion. Too much sulphuric acid should 
not be dtiven off at this stage, or the subsequent solution m water 
will ]>e retarded The fused mass may be poured oat into a large 
platinum dish, or it may be removed from the crucible in one lump 
by inserting a stout piece of platinum wire while still soft, and al- 
lowing the mass to solidify about it. A gentle heat on the outside 
of the crucible will quickly loosen the mass, which may now be 
lifted out easily The former method is preferable, because of the 
thinness of the mass ?nd its readier solubility. 

When the r^as« has become eoW, it is dissolved m plenty of cold 
water. This usually requires nt least twelve hours. When it is evi- 
dent that all has dissclvt-c] !)iu hiiica and silicates, filter into a large 
beaker- This insoluble residue should, after ignition, be again fused 
with bisulphate and tested as below for titanic acid. To the naain 
solution we add sodium carbonate solution until a slight permanent 
precipitate IS obtained, then 3 to 4 c,c of sulphuric acid of 1 23 
sp gr. This redissolves the slight precipitate and makes the solu- 
tion sufficiently acid. Add now bulphuroiivS acid in excess, and di- 
late largely with water (1 to 1.5 lifer) , cover with a watch-glass, 
and boil about two hours, adding sulphurous aetd solution and water 
as the evapoiation goes oo, 

The titanic acid is precipitated, and with it phosphoric acid and 
oxide of iron. Filler hot (best done by means of a siphon), and 
wash with liol water. This precipitate of titanic acid and phosphoric 
acid IS not finely granular like that of pure titanic acid, but is floe- 
oiilont, and shows no tendency to run through even a very porous 
filter it IS dried, ignited, and weighed. In spite of the fact that 
it contaiuta a very notable amount of iron, it is usually white after 
ignition. It IS fused with sodium carbonate and extracted with 
water. Sodium titanate and oxide of iron remain insoluble, while 
sodium phosphate goes into solution. The residue is dissolved m 
sulphuric acid (sp gr, L23), filtered, neutralized with sodium car- 
bonate, 2 to 3 c.o. of sulphuric acid added, and then sulphurous 
acid as above. The titanic acid precipitated from this solution is 
free from phosphoric acid and iron. 


fn oips contalrun^ lime, calcium sulphate is oftea found m this msoluble 
residue 
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If, instead of fiisingthe fii’St precipitate of titanic acid with sodium 
carbonate, it is re-fused with potassmra bisiilphate, there Will remiin 
on treatment wjth cold water an insoluble residue containing titanic 
aeid and phosphoiic acid. 

The following analytical results will illustrate the foregoing de- 
scription : 

r. a 

First precipitate of titanic acid con taming pho&phorjc aci<3 and 
iron (m duplicate), per cent., . . Sl$ 2^0 


1 ^ 0 . 1 was fused with sodium carbonate and treated with water as 
above It consisted of — 


Titanic acid, 
Pbospbone acid, 
Sesquicxide of iron^ 
Loss, 


Od^5 
I 60 
M 
09 


3 18 

No. 2 was fused with potassium bhulphate, and gave: 

Residue insoluble 5n cold water, . . 1 83 

Precipitate by boiling the solution, 34 

Sesquioxide of iron, by di'Sbrence, , . • . 2d 


2 40 

The titanic acid precipitated by boiling (.34) contained both phos- 
phoric acid and iron. 

The residue izisolulile m cold wafer (1.83) was fused with sodium 
carbonate as descnl^ed above , it gave : 

Phosphoric acid, . . . . .93 

Titanic acid, , . 42 

Sesqmoxide of iron, by diSerenee, » . . 45 

1 88 

The precipitate by boiling (.34), simdariy treated^ gave: 


Phosphoric acid, . ... ,06 

Titanic aetd^ , . ,12 

Sesqaioxide of iron, by diiference, ... -IT 

34 

The complete analysis of the original precipitate (2.40) thus 
shows : 

Titanic acid, * . . 54 

Phosphoric acid, 1-01 

Sesquioxsda of iron, by diFerence, . ... 85 
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The titanic acid is here doubtless .10 per cent, too low, owing to 
the many fusions and precipitations to which it was subjecced, 

nUTEBMINATION OF IRON. 

If the ore coiitain.s less than one per cent, of titanic acid, no 
appreciable error will result from neglecting it. If it contains more 
than this, the iron must be deteimined in the filtiate from the titanic 
acid. The first precipitation of titanic acid contains iron. This is 
separated by the sodium carbonate fusion, and. may be added to the 
main solution after separation of the titanic acid. The iron is then 
determined by reduction with zinc and titration with permanganate. 

DEfEnMINATION OF SILICA ANX> ALn■MI^A. 

When an iron ore containing phosphoric and titanic acids is 
treated for silica by the usual method (fuoion with sodium carbonate, 
solution in dilute hydiochloric acid, evaporation to dryness, and 
separation of silica at 110° C , solution in hydiochloric acid and water, 
and filtration from the insoluble residue), the silicioiis. residue consists 
of silica, titanic acid, phosphoric acid, and iron. In the case of an ore 
containing 3 50 percent, of silica, this residue (which, iu spite of the 
iron ill it, IS white after ignition) amounted to 6.11 percent The 
presence of phosphoric acid and iron with the silica of course renders 
worthless the estimation of alumina by difierence. 

Before speaking of the determination of the silica, we will con- 
sider how we may get the phosphoric acid and iron into the main 
solution where they belong. The insoluble residue (containing silica, 
titanic acid, phosphoric acid, and iron) is fused with sodium car- 
bonate, and extracted with water. Sodium phosphate and .silicate 
dissolve, and sodium titanate and ferric oxide remain behind 
Acidify the filtrate with hydrochloric acid, and evaporate to dry- 
ness, take up witli hydrochloric acid and water, and filter off the 
silica; add the filtrate to the solution to be precipitated by sodium 
acetate. Dissolve the residue insoluble in water (contiuning the 
sodium titanate and ferric oxide) m sulphuric acid, and separate the 
titanic acid from the iron by boiling, as usual Filter from the 
titanic acid, and add bromine- water to the filtrate, in order to oxidize 
the iron, bail, and precipitate the iron with ammonia. Filter and 
weigh it With the precipitate of non, alumina, and phosphoric acid, 
separated as basic acetate. 

Some titanic acid may go into the filtrate, which is to be precipi- 
tated by sodium acetate. In this ease, it will cmitaminate the pre- 



ANALYSIS OF TITANIFEROUS IRON ORES- 


143 


cipitate of 5roii. alumina, and pho-phono aeid. It tlierefore nec- 
essary, after this pieoipitate haa been weighed, to grind it in an 
agate mortar, and weigh out accuiately as much of it as possible, 
fuse with potassium bisulphate, and determine tlie titanic aoid in U 
by boding, etc The titanic acid thus found to be deducted from 
the eight of the original precipitate. There not in all eases 
be titanic acid m this precipitate, but it is not safe to omit testing 
for it. 

The feilioa may also be determined by fusing the residue from the 
bccoiid bisulphate fusion for titanic acid with bodium carbonate, and 
separating the sihea, as usual. Oi it may be determined by fusing 
1 to 1,5 grams of the oie with sodium carbonate, dissolving in 
hydrochloric acid, and adding an excess (50 e.c) of sulphuric 
acid (1 23), and evaporating until al! the hydrochloric aud is 
driven off This lemiers the ’nsolubie. By now dissolv- 

ing the feme sulphate in a Urge excels of hydrochlanc acid by 
aid of heat, everything goes into solution but the silica. When 
this pojut is reached, it is known by the absence of everything but 
transparent gelatinous silica fioating in flocks in the clear solution 
Calcium sulphate may contaminate the silica, if the ore contains 
much lime; but it does not look like gelatinous sibca, and dissolves 
on dilution with water. 

The following dcterrainaiions illustrate the foregoing description : 

I IT 

Insoluble in hj^drochloric acid, 0 U pei cent 5 88 per cent 

Fused with sodium carbonate and extracted with water, solution 
Goutamed : 

I IT 


Silrea, 

. 8 31 I Stboa, 

3 63 

Fhosphonc acid, 

1 03 1 Phosphoric acid, 

71 

Residue contained: 



I 

ir 


Titanic iicid, . . 

. 661 Titanic acid, 

65 

Sesquioxide of iron, 

1 33 1 Sesquioxide of iron, 

68 


TotaU 



X 

TI 

Silica, 

3 31 

3 63 

Phosphoric aetd, 

. i 03 

71 

Titanic acid, . 

« 4 t . ^ 65 

65 

Sesquioxido of iron, 

. J 33 

68 


6 32 

5 57 
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I 

II 

HI 

Siliea made ’iiboluble bv sulp'hii^jc arid, 

S JO 

3 48 

3 ^ 

Silica Irnm residue insoluble in Insulphate, 

3 70 

3 74 

— 

Kesidue insoluble in biaulphatt', 

4 91 

5 03 

— 


DiscussroN. 

JFr. Julian KunnedYj of Pitt'^burgh, sac'll tliati the slow solotiori 
of the potassium hisiilphate, after fusion, could be avoided by ^he 
following pioceduie. When the fuMon is co*np]ete, enough eon- 
ceiitrated sulphuric acid is added so that the lesulting mass shall he 
pasty on cooling* This ma'-s may then be dissolvet! |nompl]y by aid 
of heat, the excess of sulphuric acid preventing the separation of 
titanic acid. The excess of aoid is subsequently neutralized when 
the titanic acid is to be precipitat«'d by boiling. 


TBE AVAILABLE TONXAGE OF TUB BITUMINOUS COAL- 
FIELDS OF FENNSYLVANIA. 

BY H M CHANCE, HD , ASSISTANT GFOLOaiST, PENNSTLYANIA 
GEOLOGICAL SUETEr. 

The great outspread of the coal measures over portions of thirty- 
one of the sixty-seven counties of Pennsylvania, and tise large niitn- 
ber of workable seams comprising the coal series^ — together with 
some workable seams lately shown to belong to the (so-called) barren 
measures, — cieate the impres'^ion that these fields eontam a practi- 
cally inexhaustible bupply of fuel, and those who have estimated or 
attempted to estimate their available tonnage have generally pro- 
mulgated this view 

But the actual (oial contenho^ this coal-fiel J is of no importance to 
us at present, mhirdaiion^ inehidxny all whether thick enough 

to mine or not, whelher pure enough to funiii^h a marketable fuel or 
not, whether accessible at reasonable deptli or not, are of no practical 
value As coal producers, we are interested not m the total contents, 
but in the total amount of easili/ accessible coal of good quality oon- 
iained in hed^ thick eaough for remimerahve mining. The estimates 
contained m this paper i^fer exclusively to workable and accessible 
coal of commercial valuep — we may call it amihshW^ maL 

i am not awaie that any one has as yet attempted to estimate in 
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df-ta.I the amouni of atnikible coal in each roanty and in each bed 
Heietofore the data to do thib have been lacking, but now, since the 
completion by the Geological Survey of the series of countv repoits, 
illustrated hy geologically-colored county maps, it is possible to take 
up ea' h Goriity separately, and estimate m detad the appioximate 
eonteiufe of each seam. 

The general estimates, to '‘vhieh I have referred as lacking the 
elements of detail essential to accuracy, have gener^illy been made 
hv multiplying the total area covered by coal measures by an as- 
sumed a/Lcrage of the united thicknesses of the workable seams 
Thus some e»ti mates place this area at between twelve and thirteen 
thousand square miles, and the average coal thickness at fioni htteen 
to thirty feet, or the amount of available coal at from 1 80^000, OuO^OOO 
to 300,000,000,000 tons. By reference to the tables accompanying 
this paper it will be seen that these figures greatly exceed the total 
of ray detailed estimates. 

Calculations based on an assumed average thicknass of coal must 
necessarily give untrustworthy results, because It is not possible to 
determine a prion, and in advance of detailed estimates, ihe average 
coal thickness in a field v^hen every bed is subject to more or less 
radical variation in its thickness and quality. 

The compiled columnar section of the coal measures accompany- 
ing this paper (scale 200 feet to 1 inch) shows sixteen important 
workable seams, besides seveml beds of minor importance, but no 
one of tliese seams is of workable thickness and quality over its 
entire area, and many of them — notably the thickest and best — 
extend into but a few of the thirty-one coal counties, while ten or 
twelve of these counties contain only the lowest seams of the series. 

In counties containing throughout their entire area persistent 
seams of coal, large deductions are to be made for areas over which 
the coal thins out to an unprofitable thickness, or becomes locally 
too impure to furmbh a marketable fuel. 

I have not attempted to calculate the several coal Aieas with any 
great degree of accuraey ; with few exceptions, the areas are expressed 
in acres reduced from measurements based on a unit of fivesquaie 
mi les, hence these acreages neaidy all appear as multiples of 3200 acres. 
The maps from which the calculations were made are drawn on a 
scale of two miles to one inch, and as these are necessarily only 
approximately correct, both in the ground plan and coloring^ a 
finer difierentiatiop would but lend false pietensions of aeeuiacy to 
work necessarily involving errors of considerable magnitude. 

VOI^ X — 10 
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BITUMINOUS COALS OF PENNSYI. VANIA 

PITTSBURGH BED 


Coal 

Coal 


Coal 

Coal 

Coal 


Coal 

FREEPORT UPPER 

FREEPORT LOWER 

KlTTANNtNQ UPPER 

KITTANNING MIDDLE 
KITTANNING LOWER 

CLARlpN 

BROOKVfLLE 

MERCER 

QUAKERTOWN 

SHARON 
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Seams less tlian two feet thick have been ignored The areas of 
beds from two three feet thick are calculated down to water-levei ; 
their aieas beneath water-level have been js^nored* Seams from 
three to five feet thick are estimated to a depth of one hundred and 
fifty feet beneath water-level The areas of ^^eanis more than five 
feet thick are computed to a depth of four hundred feet beneath 
water-level when their quality and thickness are known. The area^ 
of beds more than four feet thick, lying above water-le'^el, but over- 
laid by a great thickness of superimposed measures, have been cal- 
ciliated so as to include a distance of fiom one to two miles from 
their outcrop lines, varying with the dip. 

The maps from which the areas weie computed are colored in five 
tints to represent the subdivisions of the carboniferous system of 
rocks^ as follows " 

Upper Barren Coal measures 

Upper Piodiietive Coal measures. 

Lovt^er Barren Coal measures. 

L(>^^iT Productive Coal measures. 

Conglomerate senes (with coals) 

The lower edge of the Upper Pioductive tint limits the Pittsbui’gh 
bod , the Lower Barren tint defines tlie Freepoit upper coal, and the 
Lower Pioductive tint the Brookville coal-bed , the areas of inter- 
mediate or higher seams were estimated fiom assumed intermediale 
outcrop lines. 

After computing the total area of each persistent seam in any 
county, the percentage of this area over which the bed is of work- 
able quality and thickness and its average thickness were arbitrarily 
assumed after a careful study of the data published in the county 
reports. It is evident that theie is here introduced a large personal 
error, it is impossible to entirely eliminate such errors, but they 
can hardly be large enough to seriously impair the value of the con- 
clusions. The mass of facts published in each county report thor- 
oughly demonstrates the character and value of each coal seam, and 
limits this persona! error between comparatively narrow bounds. 

But no matter how much time and care are spent upon such work, 
the personal error must always be a factor of some importance. Even 
m the anthracite regions, which are so thoroughly developed by actual 
Tuining as well as by an immense amount of prospecting work, there 
seems to be some difficulty in ^timating the available coal. In his 
report on the Philadelphia and Beading Coal and Iron Company's 
property, Mr. Joseph S. Harris estimates the available coal of the 
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anihracite regions at 13,999 8 square miles one foot Ihlok, — equiva- 
lent to about 15,600,000,000 tons, — and the coal area at 483 square 
miles In a paper read September 1st, 1879* before the American 
Association for the Advancement of Science* Mr. P, W. Sheafer esti- 
mates the available tonnage at 26,301,076,000 tons, placing the coal 
area at 470 square miles It is evident that the discordance between 
these two estimates is due to an unavoidable personal error ; Mr* 
Sheafer estimating the average coal thickness at nearly double that 
assumed by Mr* Harris^ — the estimates of coal areas diflPenng vesy 
slightly. 

The eoe^cienf of error is probably greatest in the counties contain- 
ing very small available areas, — these have been most liberally 
estimated; but in the counties containing large available areas the 
estimates are probably much less than the actual amount, ab I have 
strenuously endeavored to underestimate rather than exaggerate the 
available tonnage. 

The actual aveiage coal contents per acre foi each foot of bed meas- 
urement is somewhat in excess of 1650 tons, but deducting one-deventh 
for slate, bone, and sulphur partings, I have assumed an average of 
1500 tons per acre for each foot of bed measurement 

The total amount of available coal, limited as above to depth, 
thickness, etc., is 33,547,200,000 toiis*=^ Assuming that 75 per 
cent, of this can be won m mining we have 25,160,400,000 tons as 
the posible product, sufficient to supply the whole world with fuel 
for eighty or ninety years at the present rate of consumption 

There is little doubt but that under good mining management 
fully 75 percent, of the coal can be recovered. Under favorable 
circumstances* more than 90 per cent, should be won at mines worked 
on the long-wall plan or on a modification of the long-wall and 
panel systems. 

The total available tonnage may be divided thus : 

Beds over 6 feet thick, . 10,957,200,000 

Beds tiom 3 to 6 feet thick, . 19,686,800^000 

Beds fiom 2 to 3 feet thick, . 3,003,200,000 

Total, . . 33,547,200,000 

Excluding coals less than three feet in thickness we have an avail- 
able tonnage of 30,544,000,000 tons, and if 75 per cent, of this Is re- 
covered we have 22,908,000,000 tons as the possible output from 
scams three feet or more in thickness. Probably two-thirds of this 


* The estimates do AOt include the Bioad Top coal-field 
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amount lies favorably Situated for mining, and at ordinary prices for 
labor can be mined and placed on the cars at an average cost not ex- 
ceeding one dollarper ton; but the remanimg third lies beneath water- 
level, or beneath a thick eovenog of superimposed measures, and 
will probably cost from one dollar and a quarter to one dollar 
and a half per ton at the present price of labor This two-thnds — 
15,272,000.000 tons, accessible above water-level^ and contained m 
beds not less than three feet thick, is sufficient to maintain the pres- 
ent average yearly output from Pennsylvania for about eight hun- 
dred years, or to supply the whole world for fifty years. 

The statistics of production show a yearly increase of about 6 per 
cent from 1864 to the present time. If this ratio of increase is 
maintained, the yearly output will reach an enormous figure m thnty 
or forty years (as shown in the first column of the following table) , 
but as West Virginia, Ohio, Indiana, and several of the Western 
States are rapidly developing their coal resources and taking their 
share of the increased demand, it does not seem probable that this 
percentage of increase can long continue, and I have accordingly 
calculated another table on a scale of deei easing percentages of in- 
crease, — shown in the second column, — estimated on a basis of 
16,0{X),000 tons production in 1880 


Y9S.T 

Yearly Tonnage 

Yearly Tonnage 

Yearly Increase, 

mo . . . 

16,000,000 

16,000,000 


1890 . . . 

25,640,000 

28,640,000 

6 per cent- 

1900 . 

61,265,600 

46,396,800 

5 

1910 

91,765,424 

68,000,000 

4 “ 

1920 . . 

164,270,219 

91,120,000 

3 

1930 . . . 


111,166,460 

2 

1940 

• 

122,840,000 

1 


Although the figures of the second column are much smaller than 
those of the first column, they still are in my opinion much in ex- 
cess of any output we will ever reach in Pennsylvania. I ara in- 
clined to think that the ratio of increase will dimmish more rapidly, 
— say 1 per cent every five years, — that the maximum output will 
he reached between 1900 and 1920, and will not exceed 50,000,000 
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tons per annum. At thia rate more than iive centuries svill be re- 
quired to exhaust the coal 

Seams less than three feet m thickness, unle#?s of unusual purity, 
or located In the counties formmg the northern edge of the cual-field, 
are of little inipoi'tance at present, nearly all the coal now maikoted 
coming from beams averaging three and a half feet or more. Many of 
the smaller and more impme coals will never be marketed, although 
they will answer well to buppiy the local demand for domestic use 
and small manufacturing establishments Probably 10 per cent, of 
the total available coal will be used to meet this demand, but only 
a small percentage of this will actually be won in mining, as small 
mines (country banks), worked vicariously from year to year, are 
almost iii%"ariabiy misroauaged, and more than one-hulf the coal 
inecoverably lost. 

The possible output from beds above water-level^ stud more than 
three feet thick, has already been ebiimated at 15,272,000,000 tons. 
It will be safe to assume that one-third of this will be of sufficiently 
good quality to furnish good coke, an amount (5,090,666,666 tons) 
sufficient to smelt 2,500,000,000 ions of iron ; the remaining ten 
thousand million tons will famish excellent gas and steam coals. 

The average w’orkable thickness and available tonnage of each seam 
are shown in the following table, which is illustrated by the coluranai 
section (page 146} drawn on a scale of two hundred feet to an inch. 


Uppe-i Buj / en weabm es 
Washington bed, 

Uppe) P/ oducttp& 7nea&u7 eb 
Wayucsburg bed, 

Uruontown bed, 

Seviiickley bod, S'*, 

Hedstone bed, 2^-8^, , 

Pittsburgh bed, 6^-12^ 

Lower Barren meamires 

Brush Creek, Colernau, ote , beds, 

Lower Pt oductive measures * 

In Westmoreland, Fayette, and Alle- 
gheny counties, 

Millerstown bed, 

Freeport upper bed, 

Freeport lower bed, 

Kutanning upper bed, , 

Kittanning middle bed, 

Kittanning lower bed, 2^-6^, 

Clarion coals, 2^-3^, 

B rook V die bed, 


787 . 200.000 

787 , 200,000 

2 , 126 , 400,000 

312 . 000 . 000 

432 . 000 . 000 ® 

826 . 400.000 
10 , 438 , 800,000 

13 , 630 , 600,000 

878 . 400.000 

878 , 400,000 


2 . 064 . 000 . 000 
28 , 800,000 

3 . 764 . 800.000 

2 . 385 . 600.000 

1 . 506 . 000 . 000 
$ 29 , 800,000 

4 . 225 . 200.000 
696 , 000,000 

1 . 627 . 200.000 


17 , 217 , 400,000 
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Qtn^lomrraic senes '■ 

Mercer cocils , . 932,^0^,000 

Quakertowri Ded, 2^ 67,600 000 

Shmop caa! honzon, 2'-3^, 38 400,000 

1,028,600,000 

Total, . J3 547,200,000 


UPPER BVREEN MEASURES. 

The \ ppen Barieii measures fiirnisli but one workable seam, the 
Upper Pioductive measures five beds, the Loi-ver Barren measures 
three or four coals attaiomg workable size in parts of three or four 
counties, the Lower Productive measures eight workable seams, and 
the Congiomerafce senes three or four seams^ workable over limited 
areas in the northwestern counties. 

This series furnishes but one seam of commercial importance, the 
Washington bed, which attains it& best development in Washington 
and Fayette counties, but is not persistent as a workable seam in 
any other county. This '^eiies of rocks contains (see section) several 
othei seams, but they aie usually very thin and of poor quality, 
although one — the Waynesburg bed — may prove workable 
over a small area m Fayette County 

UPPER PRODUCTIVE HEASURES, 

Waynesburg Bed — This is a seam of great importance in Greene 
and Washington counties, attaining also a good thickness in Fayette 
and Westmoreland, holding the fifth place among the productive 
coa! s<‘ams Professor Stevenson's admirable maps show Its depth 
beneath the surface at almost every cioss-road and town in Greene 
and Washington counties 

Ihmntown Bed — This is locally workable in parts of Fayette and 
Greene counties. It is of little importance, 

Seioicliey Bed . — The same remarks apply equally well to this bed, 
and to the 

Bedstone Bed, which is also locally workable in Westmoreland 
and Allegheny counties, with an average thickness of from two to 
three feet. 

PiUshnrgh Bed — Tins is the best and most valuable seam of the 
bituminous coal area. It ranges from six to twelve feet in thickness, 
and according to my estimates contains nearly one-third of the avail- 
able bituminous coal in Pennsylvania. Its most extensive areas are 

^ Beports K, KK, ajid KKK, of tbe Second Geological Survey of Penn- 
sylvania. 
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found in Fayette, W^jshtn^too, Allegheny, Westmoreland^ and 
Greene conntie'=i, small areas also occiunng m Iiidsaiia, Somerset, 
and Beaver counties The puntv and quality of this coal, and the 
excellent character of coke made fiom U, — the famous Connellsville, 
—render it many times more valuable than any other seam 

In paits of Washington and in Greene County it hes deeply 
coveied beneath a great thickness of overlying measuic^, but its 
depth at almost any point can be easily determined from Professor 
J. J Stevenson^s maps ^ 

LOWElt B\ERENr MEASURES. 

In Indiana, Somerset, and Butler counties this senes contains 
several beds, attaining workable size over limited areas, and in Arm- 
strong and Beaver counties there is al»o a small quantity of mineable 
coal m these measures. It will probably be worked principally to 
supply the local demand 

LOWER PRODUCTIVE MEASURES. 

In Fayette and Westmoreland counties the coals of this series con- 
tain a large amount of available coal ; in Allegheny County the Fiee- 
port coals will furnish a large supply, bat they are always of inferior 
quality. The tonnage of these thiee counties available from the 
Lower Productive measures was estimated en the data not 

being sufficient to wanant a finer differentiation. 

Millerdoym Bed — TIiL is locally workable in Butler County ; it 
will be mincil to meet tlie local demand. 

Freeport Upper Coa^.—This bed is workable in parts of fifteen 
counties It fiirnishes some excellent coal, is often a superior cok- 
ing coal, and in the western counties is always a strong steam and 
often a good gas coal. A small area of this seam ui Clarion County 
IS of a block character, and the coal has been used raw in a small 
furnace (10^ x 33') to smelt the limestone carbonate ores This bed 
ranks third among the productive seams 

Freepot Lower Coat — A bed of great importance in Jefferson, 
Indiana, Clearfield, Cambria, Armstrong, Centre, and Allegheny 
counties, and workable in parts of Beaver, Butler, Elk, Blair, Cam- 
eron, Westtnoieland, and Fayette counties. It ranks fourth among 
the productive seams,^and will furnish a large supply of good steam, 
coking, and gas coals, the character varying with the locality. 

KUiaonmg Upper Coal — Nearly all of the cannel coal in Penn- 


^ Reports K ana KK 
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sylvaQia oceurs at this iiorizon li is tbe celebrated “Darlington 
bed* The seam often consists paitly of rannel and partly of bitii* 
mnons coalj but is most frequently abituminoasseam of fair quality, 
attaining workable thickness m parts of Butler, Armstiong, Somer- 
set (bed “ D Beaver (can nel), Indiana, JefFei son, Elk, and Ly- 
coming counties It holds the seventh place among the productive 
seams 

Kdtanning Middle Coal — This becomes locally workable in But- 
ler, Lawrence. Jeffei'son^ Armstrong, Elk, Cameion, and Clarion 
counties* It will furnish probably one-half as much coal as the 
Kittanning Upper bed. 

Kittanning Lawyer Coal — In twenty-two counties this bed attains 
a workable tliickness and lies above water-level, favorably situated 
for mining The seam lettered “B” in Clinton, Bradford, Lycom- 
ing, Tioga, and Sullivan counties has been considered its eastern 
equivalent"^ iilong the Allegheny escarpment it is an excellent 
coking coal, and in the western counties often a good gas coal, and 
always a strong steam coal. In point of production it probably 
ranks second only to the Pittsburgh bed ; but the Freeport Upper 
coal may possibly equal or slightly exceed it m the amount of easily 
accessible coal. It averages from two to four feet in the western, 
and from three to six feet in the eastern counties. 

Clarion Bed — This is formed m two subdivisions m some of the 
westein counties, its upper split being known as the “ Scrub -grass 
coal t Its output wil! probably be applied almo^^t exclusively to 
satisfy the local demand. It sometimes furnishes coal of excellent 
quality, hut the bed is usually quite thm 

Brookrdk Bed — Bed “A’" of the Allegheny escarpment counties* 
It will he about equally productive with the Kittanning Upper seam, 
but often furnishes a very sulphurous fuel, 

COKCLOMERATE SERIES. 

Mercer Coals — The Mercer Upper and Lower coals are workable 
over limited areas in Lawrence, Jeffei’son, McKean, Elk, Mercer, 
Venango, and Forest counties. Excepting in McKean, where 
their proximity to market enhances their value, and in Mercer County, 
where they attain their best development, they are of little tmpor- 


* Reports BHHH, and Hg showing B ” = Lower Kittanning coal 
t Reports V, VV, QQ, QQQ. 
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tance. In Elk and Jefferson they will yield a considerable tonnage, 
but in the latter county at least this will be applied almost esoia- 
sively to meet the local demand. 

Qvahi iown Coal . — Workable over a small area in Mercei County 

Shaioii Goal— In Meicer County this is a bed of great value, but 
its available aiea will be eibausted in the near future. Tins hoiizon 
will furni&h a small ainoimt of coal in Crawford and Warren coun- 
ties, but in the lattei county it is thin and of inferioi quality. Its 
available tonnage has been estimated on a most liberal basis. 

The area actually covered by the bituminous coal measures in 
Pennsylvania i& about 9000 square miles The Upper Prodiietne 
series extends over but a small fractional portion of this area , the 
Barren measures cover a considerable area, hiding beneath a thick 
covering large areas of the coals of the Lower Productive measures, 
otherwise easily accessible. The limits adopted in making these 
estimates necessarily compel the exclusion of many such areas in 
computing the available coal. 

Estimates in detail for each county are given m the following 
tables in alphabetical order. It may appear that m many cases very 
small areas are assigned to persistent seams occurring over large 
aieas. The explanation of this will he found m the impure oi 
variable character of the bed, or its depth beneath water-level, or 
beneath superimposed measures over a portion of the area. The 
casual observer is apt to form a favorable opinion of the quality, 
thickness, and regularity of coal seams not wananted by the actual 
facts Finding several banks working on the same bed at different 
localities in a county or township, at all of which the bed is of fair 
quality and thickness, he is natiiially led to infer that the seam will 
be found of equal value over all the area he has examined ; but he has 
perhaps had no opportunity of examining an equal or greater num- 
ber of tnal openings, at which the bed was found to be mrlMe^s, foi 
these have all been abandoned, have fallen shut, and the openings 
are almost obliterated. Unless this fact i.« kept constantly in view, 
and due regard is given to the variable nature of most of our bitu- 
minous coals (especially the smaller seams), estimates based on bed 
measurements made at worhing hauls will almost invariably exag- 
gerate the true amount of available coal of marketable quality. 



TONNAGE OF BITUMINOUS COAL-FIELDS OF PENNSYLVANIA. ] 65 


Allef/heny Count!/. 


or Bpd 

A\ PT ige 

CoaJ 

Thickness 

Acres 

Tans 

SqiJd-re Miles, 

1 fuut thick 

Red^lone^ 

Ov' 

32,OOU 

96,000,000 

100 

Pittsburj^^h^ 

lU^ 

113,000 

1.680,000,000 

iroo 

Lower Piodociive Codls, 

k/ 

S0,(>(i0 

720 000,000 

750 



Total, 

2 4QG,000,000 

2600 

A>‘mstrong County. 


Barren Measuiea, 


6,400 

24,000,000 

25 

Freeport Upper. , 

4' 

128,000 

I'SS, 000,000 

800 

Freeport Lowei, 

r 

48,000 

216,000,000 

225 

Kittanning Upper, . 

!/■ 

O 

64,000 

268,000,000 

300 

Kittarning ]^[!ddie, . 

V 

32,000 

141,000,000 

150 

K^tanning Lowery * . . . 

y 

60,000 

360,000,000 

375 

C'artoii Coal, 


U,600 

48,000,060 

50 

Brooks die, 

2Y 

0,400 

24,000,000 

25 



Total, 

1,872,000,000 

1950 


JBeave 

r Counti 

W 


Pittsburgh BeU, , . 

8/ 

800 

9 600,000 

10 

Brush CreeKj - . 

3^ 

10,000 

72.000,000 

76 

Freepoit Upper^ , , , 

3^ 

85,200 

158,400,000 

165 

Freeport Lower^ . . , 

2i' 

12.800 

48,000,000 

50 

Kiltaunieg Upperj . . 

y 

64,000 

192,000,000 

200 

Kittanning Lower, , , , 

V 

51,200 

153,600,000 

160 

Clanon Coal, . 

'y 

6,400 

19,200,000 

20 



Total, 

652,800,000 

680 


Blah 

Cminty 

% 


Freeport Uppei^ . , 

y \ 

3,200 ] 

19,200,000 

20 

Freeport Lower, * . 

y \ 

3,200 

9,000,000 

10 

Kittannmg Louei, .... 

\ 

4,800 ^ 

25,200,000 

26 

Brookvilie, 

y \ 

6,400 

38,400,000 

40 



Total, ■ 

92,400,000 

96 

J 

Bradford County. 


Kittannmg Lower 

y 

4,480 

26,900,000 

28 

Brook ville (Bed ‘"A”), . , 

y 

6,400 

19,200,000 

20 



Total, 

46,100,000 

48 




156 TO^JNAGB OF BITUMINOXTS COAL-FIELDS OF PENNSYLVANIA 


Butler Cotmiy. 


Name of Bed 

Average j 
Uai 

Th ickness 

Acres 

Ton? 

Square Mites, 

1 foot thick 

Lo*ei Barrens, 

3^ 

48,000 

2)6,000,000 

225 

Millerstown Bed, 

3' 

6,400 

28,800,000 

30 

Freepoi fc Upper, 

r 

70,400 

422,400,000 

440 

Freeport Lower, 

e' 

; 3,200 

28,800,000 

30 

Kitlanning tapper, 

r 

. 33,200 

3T4, 400,000 

390 

Kittauning Middle, 

3' 

I 44,800 

20 i, 600, 000 

210 

Kittanning Lower, 


32,000 

144,000,000 

150 

Clarion, . 

2^ 

48,000 

144,000,000 

‘ 150 

Broolivtllfij 

3^ 

1 32 000 

244,000,000 

150 



Total, 

1,704,000,000 i 

1776 


Cambria County* 


Freeport Upper, » 

z¥ 

89,600 

470,400,000 

490 

Freeport Lower 


1 64,000 

210,000,000 

1 266 

KjUauntng Lower (“ B 

W 

1 128,000 

672,000,000 

700 

Biookvtlle (“ 

Z' 

1 83,200 

374,400,000 

390 



Total, 

1,766,800,000 

! 1830 

Cameron County. 


Kittanning Middle, 

3^ 

3,200 

14,400,000 

16 

Kittauning Lower, , 

3^ 

9,600 

43,200,000 

46 

Clarion Coal 

3^ 

16,000 

72,000,000 

75 



Total, 

129,600,000 

135 


Centre County. 


Freeport Upper, • 

4^ 

12,800 

76,800,000 i 

SO 

Frt>epo»t Lower, 

4^ 

32,000 

192,000,000 i 

200 

Kutanning Lower, 

AY 

51,200 

345,600,000 1 

3G0 

Brookvdle Bed, . . ♦ > 

3^ 

44,860 

134,400,000 ; 

210 



Totals 

748 800,000 

850 


Freepoi t Upper, * 
Freeport Lower, * * 
Kitiannnig' Middle, 
Kutar^ning Lower, 
Clarion, 

jBrookvilte, - * . 


Clarion County. 


U' 

4^ 

2^ 

3' 

2^ 

2V 


3/200 

3,200 

26,600 

96.000 

32.000 
12,800 


16,800,000 

Hi 

19,200,000 

20 

76,800,000 

80 

432,000,000 

460 

96,000,000 

100 

48,000,000 

50 

688,300,000 

717i 


Total, 
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Clearfield County. 


Kame or Bei> 

Average 

Coal 

Thickness 

Acres 

Tons 

St|uarf» Miles, 

1 foot thick. 

Freeport Upper, 

4 ' 

22,666 

133.600,000 

139 

Freeport Lower, . . 

A' 

64,000 

384,000,000 

400 

Kittannmg Lower, 

4i' 

89,600 

604,800,000 1 

630 

Brookville, 

3'^ 

64,000 

288,000,000 

300 



Total, 

1,410,^00.0^0 1 

1469 


Clinton County. 


Kittanning Lower ("B’'), 

1 1 

9,600 

43,200,000 

45 

Brook?ilIe 

1 2^ 1 

6,400 

19,200,000 

20 



Total, 

62,400,000 

65 


Crawford County. 


Sharou Horizon, * , . 

1 1 

3,200 i 

14,400,000 1 

15 


Hlk County. 


Freeport Upper, 

h' 

3,200 

24,000,0110 

25 

Freeport Lower, 


6,400 

48,000,000 

50 

Kitfcanning Upper, 

2i" 

16,000 

60,000,000 

02^ 

Kittaninng Middle, . 

24 " 

28,000 

105,000,000 

112} 

Kittaunmg Lower, . . 

3 ^ 

48,000 

216,000,000 

225 

Clanon,, . , . 

Mercer Coals, . . 

1 2 ^ 

67,600 

172,800,000 

180 

1 Z' 

I 64,000 

288,000,000 

300 



Total, 

913,800,000 

■ 955 


JForest County. 

Sharon and Mercer Ho- 1 , 1 j 1^280? [ 3,800,000’ | 4? 


Fayette County. 


Upper Banens, 

3^ 

\ 26,600 

116,200,000 

120 

Waynesbuig, 

5" 

I 35,200 

264,000,000 

275 

Uniontown, . . 

3" 

48,000 

216,000,000 

225 

Sewickley, . 

3" 

48,000 

216,000,090 

226 

Redstone 

3" 

25,600 

115,200,000 

120 

Pittsburgh, . 

12^ 

160,000 

2.880.000,000 

3000 

Lower Pioductive Beds, 

4 / 

128,000 

768,000,000 

800 



Total, 1 

4,574,400,000 

4765 
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Greene County. 


Ha HE OF Bei>. 

Average 

Cful 

Thickness 

^cres 

Toufe, 

Square Miles 

1 foot thick 

Waynesburg, . . 

5' 

100,000 

1,200,000,000 

1250 

Uoiontown, , ^ . 


32,000 

93 , 000,000 i 

100 

Sewirklej^ 

Pittsburgh^ .... * 

1 3'' 

I 4«,000 

213,000,000 i 

225 

8^ 

03,000 

1,152,000,000 1 

1200 



Total, 

2.664,000,000 ! 

2.?75 


Indiana County, 


Putsbtirgh Bed, , . 
Barren Measures , * . 
Freeport Upper, . * 
Fieeport Ln\wer, 
Kittanmng Upper, . 
Kittanning Lower 
Brook VI He, * . . • . 


yy 

12,800 

144,000,000 

150 

4^ 

32,000 

192,000,000 

200 

4^ 

192,000 

1,152,000,000 ' 

1200 

2 K 

64,000 

240,000,000 

250 

2' 

32,000 

90,000,000 

100 

3 ' 

64.000 

288,000,000 

300 

2V 

19,200 

72,000,000 1 



Total, 

2,184,000,000 1 

2275 


Jefferson County^ 


Freeport Upper, , . 

3^ 

48,000 

216,000,000 

225 

Freeport Lower, .... 

4^ 

160,000 

960,000,000 

!OUO 

Kittanmng Upper,. .... 


19,200 

86,400,000 

90 

KiUanning Middle, .... 

1' 

16,000 

72,000,000 

76 

Kittann mg Lower, , . 

V 

80,000 

240,000,000 

260 

Brookvdle, 

3^ 

4^,800 

201,600,000 

210 

Mercer Coals, . ... 

8^ 

48,000 

216,000,000 

225 



3'otalj 

1,992,000,000 

2086 

Lawrence County, 


Kittanmng Middle, . , . 


48,000 

216,000,000 

225 

Kittanning Lower, . 


32,000 

96,000,000 

100 

Clarion, . ... 

2' 

1 2,800 

38,400,000 

40 

Mercer Upper, 

3' 

6,400 

23,800,000 

BO 

Mercer Lower, . . . 

2^ 

6,400 

19,200,000 

20 



Total, 

398,400,000 

415 


Jjycoming County. 


4' 1 

3,200 

19,200,000 

20 

w \ 

6,400 

33,600,000 

3,5 


Total, 

62,800,000 

55 


KiUanning Upper 
KtUanning Lower 
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3Iereep County. 


NAUb 01 ' Eri> 

Averaee 

CoaI 

ThickneiS 

Acrea 


Sqinr^^ Miles, 
1 foot thif'k 

KiUanning Lower, , , 

2V 

S,2U0 

12,000,000 

i2i 

Clarion, 



72,000,000 

75 

He roe r Upper, 

2r 

25,600 

06,000,000 

100 

Mercer Lower, 

2U 

64,000 

240,000,000 

250 

Quakertown, 

2' 

19,200 

57,6(»n,OOU 

60 

Sharon, * . | 

3" 

3,200 

14,400,000 

15 



Totai, 

402,000,000 i 

51 2J 


McKean County. 


Clarion, 

, 1 3" 1 

3,200 i 

14.400.000 

28.800.000 

35 

Mercer Coals* 

1 2' 1 

9,eoo 

ZO 



Total. 1 

43,200,000 

45 


JPotfei* Cotmfy^ 


Kittannnig Lower 
Biookvilie (.“A''), 


1 1 

3,200 

14,400,000 

15 

1 %' 1 

3,200 

9,600,000 

10 


Total, 

24,000,u00 

25 


SulUvan County. 


Kittanmng Lower (“B*’); I Z' 1 %56i) | 11,520,000 


12 


Some7*set County. 


Pittsburgh, 

Lower Barrens, 
Freeport Upper, 
Kitfca fining upper 
Kittanning Lower 
Brook vj lie 


S'-IO' 1 

(Platt) ! 

42,000,000 

44 


41,600 

374,400,000 

soo 

4' 

51,200 

307,200,000 

320 

V 

50,000 

480,000,000 

600 

3}' 

64,000 

336,000,000 

3D0 

3' 

61,000 

230,400,000 

240 


Total, 

1,770,000,000 

1844 


Tioga County. 


! 1 

12,800 

115,200,000 

120 

1 3' I 

3,200 

14,400,000 

16 


Total, 

129,600,000 

135 


Kittannmg Lower B 

Brookvilie 
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Venango County » 


K kut^ of Bei> 

Average 

Co&f 

Thickness 


Ions 

Miles, 

3 foot thick 

JKittanTiing Lowet, 


3,200 

1 : 2,000 000 

12} 

Claiion, . . . 

r 

6,400 

19 ,- 200,1100 

20 

Bn)okv)lk, 

r 

3 200 

9 h 01),000 

10 

M excel Coals, . 


3,200 

12 ', 000, 000 

12} 



Total, 

62 , 800,000 

55 


Washington County* 


Waslisnglon, . , * . 

Waynesburg, * 

Pittsburgh, 

: ar 

3^ 

6^ 

128,000 

128,000 

320,000 

672,000,000 
676 000,000 
2,8SO,OUO,000 

700 

600 

3000 



Totah 

4,128,000,000 

4300 

WestmorelaniL County, 


TYavnesbuig, 

Redstone, 

Pittsburgh, 

Lower Pi od active Coals, . 

! 3*" ! 

1 S'' ! 

, 8^ i 

! ! 

10,200 1 
25,600 ! 

137,600 
96,000 

86,400,000 

115,200,000 

1,651,200.000 

676,000,000 

90 

120 

1720 

600 



Total, 

2,426,800,000 

2580 


Warren County, 


Sharon Horizon, , , , . [ 

2' 1 

3,200 1 

9,600,000 j 

t 10 


The reports already published by the Second Geological Survey 
of Pennsylvania, descriptive of the bituminous coal area, now muu- 
ber twenty-one octavo voKiaies, besides two volumes aud one atlas 
on the fossil flora of the coal measures, and a special volume on the 
cokeindnstiy of the Youghiogheny, -Nearly all of these reports are 
illustrated by geologically-colored county maps on a scale of two 
miles to one inch. Besides this series of maps, there is another 
series now m preparation on a scale of six miles to one inch, which, 
when completed, will be published in atlas foim. some time in 
the near future it is my intention to construct fxom these maps an 
accurately-colored map of the bituminous coal area, I had hoped 
to illustrate this paper with such a map, drawn and colored to show 
the relative areas of the piincipal productive horizons, but as the 
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‘maps of Cambiia, Somerset, Clearfield, and Centre counties aremot 
yet completed, I have thought best to uaifc until all of th^se are 
finished and approved by the State geologist The estimates of areas 
and tonnage in these four counties probably contain larger errors 
than any of the remaining districts, as it is impossible, in the absence 
of the geologicaily-colored maps, to limit the productive areas with 
any gieat degree of accuracy 

The tables showing the countv tonnage develop the fijct that each 
county contains an average of but four or five accessible seams of 
commercial importance. 


2 counties contain 9 important seams 


2 

4 

2 

2 

7 

2 

7 

$ 


8 

7 
6 
6 
4 

8 
2 
1 


If the counties arc tabulated according to their available tonnago 
we find Fayette standing at the head, followed by Washington, 
Greene, Allegheny, Westmoreland, Indiana, Jefferson, Armsti’ong, 
Somerset, Cambria, Butler, Clearfield, etc., but we must not lose 
sight of the fact that this may not be the order m which thev stand 
rtj reference to their present value and importance as coah producing 
areas. Mr. Joseph S Harris, in his able report on the Philadelphia 
and Reading Coal and Iron Company's property, has clearly shown 
that the pe^ent money value of any coal area depends largely upon 
the time at which development is commenced, the time elapsing be- 
fore its maximum output is reached, and the time occupied m ex- 
hausting the tract, the present money v alue rapidly decreasing as any 
one of those variables is increased. 

The same principle is uhdoubtedly applicable to the bituminous 
coal areas. Those areas, so situated that their development can be 
economically prosecuted at present or in the near future, possess a 
much greater relative presort value than areas not so favombly 
mtuated , thus some of the counties forming the Northern rim of 
the bituminous coal area are, because of their proximity to the Noith- 
etn markets, and their present development, of much greater present 
importance as coal producers than centrally located areas containing 
many times as much available coal 

VOL X — U 
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The amonut of coal excluded from these estimates on accouni of 
poor quality^ depth beneath water-level, or beneath overlying rocks 
IS very great* As these estimates prove the existence of an amount 
of easily accessible coal of good quality sufiBcient to supply the de- 
mand for several centuries, estimates of the tonnage of these impure 
seams or inaccessible areas would be of no practical value to the 
present generation 

QBEMIGAL METHODS FOB AlTALYZma BAJL-BTEEL. 

BY MAOKUS TROILIUS, CHEMIST TO C F SATTDBERO, EOYDOIh , EYGLAKB 
INTBOBUCTIOIS" 

BY C P SATS-DBEEG 

SrxcE the discussion on steel rails in America has foicibly drawn 
attention to the value of chemical analysis, if not as a necessary stip- 
ulation, at least as a guide to control the usual mechanical tests, 
some doubt has been thrown upon the accuracy of the analytical 
results obtained by different chemists 

To any one having the least acquaintance with chemistiy, it is 
quite clear that if exactly similar results are to be obtained from the 
same borings of steel, exactly the same methods must be used by 
the different analysts- Hence the necessity (if complications are to be 
avoided) of establishing what I may call standard or normal meth- 
ods, to be used both by the inspectors and by the chemists at the 
works* Eeraembering that the application of chemistry to steel- 
rail inspection is yet in its infancy, it is of great importance to pos- 
sess a perfect acquaintance with the best methods in use* 

Being myself a grateful pupil of Professor Eggertz, of the School 
of Mines in Sweden, it occurred to me, two years ago, that I could 
not do better than start a laboratory of my own, and engage one of 
Ills pupils, Mr. Troilins, for the purpose of analyzing the steel bor- 
ings from mechanically-tested rails, so that I might thus obtain 
without delay thoroughly accurate determinations 

Moreover, in order to carry on the operations in perfect accord- 
ance with the methods used at the steel works in England and Ger- 
many, where I had to control the manufacture, I deeme^l it desira- 
ble to allow Mr. Troilius to go through a course of training at 
these works; and I gladly seize this opportunity of expressing my 
grateful acknowledgments to several works in England and in Ger- 
many for affording every facility for such an exchange of inforraa 
lion as was found neccbsary in arriving at the best analytical iiiethoilg 
to be used. 
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The value of thi^ prehmiuary training has already !;>ecome evJ- 
deiitj for, after \\orking a year m my own laboratory^ %e find that 
the re-iilts hardly ever differ from those obtained at the' works, or, 
at any late, they larely differ from the results of those professional 
ehernisfcs who check the same borings in case of an^ discrepancy 

Inas«Duich as thi^ work is principally executed for America, it 
naturally follows that if it is checked by American ehemistSj it will 
he of interest, both fur them and for the chemists on this side of 
the Atlantic, to know the methods of analysis followed m the two 
countries With this view, 1 beg to introduce the following paper, 
winch has been very carefully worked out by Mr M. Troihus, and, 
tliCieloic, deceives the attention of the members of the Institute 

r only say of this paper, as I have said m mv own on 
Specifications and Hail Inspection m Europe/^'^ that it fully 
explains the method's, which I have hitheito adopted, with excellent 
1 exults. But, if any better methods can be suggested by American 
clicmiSts, I shall only be too glad to modify my present mode of 
working 

It remain^ for me to add that Mr Troihus will have great pleas- 
ure in aii^wenug any questions that may be addressed to him, with 
reference to the following methods for the application of chemistry 
to steel-rail inspection. 

39 Grsat G^oroe Street, "Westmiststek, 

London, August, 1881 

CHEMICAL METHODS FOR ANALYZING RAIL-STEEL 
USEFTTL APPLIANCES. 

One of the most useful and necessary appliances in a steel lab- 
oratory is the hot-plate. An iron plate, 12^^ X 18'^ N thick, 
heated from below by a good Bunsen burner, aviII answer very w'eli 
Or, if more convenient, the plate may be combined with a coke fire 
and a muffle-furnace, the coke fire thus heating both the plate and 
the muffle-furnace. In any ease the plate should be heated in such 
a manner as to have a boiling temperature at only one part, from 
which part the heatshould gradually decrease towards the edges. Thus 
arranged, the plate forms a very satisfactory substitute for water- 
baths, drying-boxes, etc, as will be seen in the following descrip- 
tion of the methoda Theie is no risk of destroying beakers, etc,, 
after sufficient expenenee m working the plate has been acquired. 

A plate of this kind has been m use in the Royal School of Mines 


* Transactions, vol , ix, p 19S 
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in London, fofapboafe fifteen years, but, as far as I am informed, it tvas 
Mr. Snelu& wbo first employed a plate in this way at Dowlais, and 
it has since become universally used in English and Welsh labora- 
tories. I should also mention that it has been suceessfuUy intro- 
duced in the Stockholm School of Mines, iu accordance with ipy 
suggestion last year in the Jeimkcutoret^ Annaler. In German steel 
laboratories the water-bath and other more scientific appliances 
are more generally in use than in England and Wales; in fact, I 
have not so far seen the plate used in any of the German steel 
works which I have visited. It is necessary to have the plate placed 
under a good draught, so as to remove all the noxious fumes trhich 
are evolved during the operations conducted on the plate. 

As legards other useful appliances, bolougiog to a well-fitted steel 
laboratory, they are all moie or less common, or are only occasion- 
ally used, and do not deserve as much attention as the above-naimed 
plate Elated funnels, however, are worthy of being mentioned as 
being somewhat quicker to work with than ordinary plain ones. 1 
have not found them in use on the Continent as frequently as in the 
United Kingdom, but they are now begiimingto be somewhat more 
appreciated, even in Contmontal countries. 

CARBON DETERMINATION. 

Eggm'tz’s color-test is a very accurate method for determining car- 
h6n m rail-steal, provided the operator has sufficient experience and 
takes all tM necessary precautions. At the same time this method 
has the great advantage of being very rapid. It is now nearly 
twenty years since this method was described in Sweden and Ger- 
many by Professor Eggertz, and very shortly afterwards Mr. C. P. 
Sandberg published an English translation of the method Jn the 
Chemical News.’^ In Great Britain the color-test is no\V very largely 
used, every blow in the Bessemer converter being thus tested for 
carbon, i^nd in the hands of skilled manipulators it gives great'sat* 
ibfaotion In German steel-laboratories the color- test? is‘ ml so much 
used as in Great Britain, and costly arrangements are often em^ 
pl{>y 0 d for carrying oat determinations of carbon by the'COOibustion 
process on a large scale. For the daily control of rail-steely how- 
ever, this IS rather an impracticable ar^’angement, when results, accu- 
rate within 0.01 per ceiit., can so rapidly beobtained by the'color-^test. 

Experience soon taught the manipulators at steel works to modify 
the method in m&ity respects, so as to attain' greater rapidity, thu* 


Chemical News, tol. vii , p 254:. 
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deviating irom tUe directions given by Professor Eggortz in 1^62 
There lias, however, been Forae uncertainty as to many of tlie de 
ta^K, sridas :<ome rather senons discicpancies have occasionally oc^ 
cirr^ed, e«peoial]y in anahzing the liarder classes of steels, theic have 
not been wanting people who denouncethe m hole method It is, there- 
fore, with great pleasure that I am able to accompany this paper 
vith a translation of Ihofessor Eggcitz^s recent aiticJe on the sub- 
ject As the contents of this article, or, at least, the more important 
points, were kindly com rnnmeated to me some wrecks before it wa^ 
published in Sweden, I have had ample opportunity of applying 
tbo experience thus gained^ and have found it thoroughly eonobor- 
ated by my own results. 

The most important facts in Professor Eggertz^s paper are con- 
tained in the rules given for (1) quantity of acid required for each 
0.1 gram of steels of different percentages of carbon, and (2) luininium 
addition of Water required for each 0 1 giam of steels dissohed id 
nitric acid, to remove the iron color. 

Referring to the complete* translation for further mformation^ I 
wiH now explain how I carry out my determinations of carbon in 
rail-steel by nieaus of the coloi*test My mode of manipulation is 
the same as that used at most English and Welsh steel works, with 
the modifications of the two above-mentioned new rules of Professor 
Eggert^. 

I liSO 0 2 gram of the steel for testing, and along with every set 
of samples 0.2 gram of standard steel is dissolved. This is indis- 
pensable with the mode of procedure I adopt, no precautions being 
taken to exclude the sunlight, etc The solution n effected in 
tost-tubeg, fi inches long and about |-inch internal diameter. The 
dimensions of the test-tubes are not a matter of great importance, but 
they should not be too narrow 

The nitric acid I always allow to flowinto the tubes from a grad- 
uated burette, this being by for the best way of adding the acid The 
tubes are then put into a beaker 4 to 5 inches high, half filled with 
water. The beafcer may be advantageously covered with a perforated 
tin plate, and the tubes put through the holes and thus steadied. Heat 
is then applied, and boiling is continued until the steels arc dis- 
solved. This seldom requires more than half an hour, and is greatly 
promoted by the jumpmg of the tubes in the boiling water. When 

* Th^ aecompanj mg tr>M*lation conUins an addition -mad^ after puhlishmg 
th'* artiole in Sweden, and is thus believed to be more complete than any trans- 
lation which has already ajppeared id print See Appendix: 
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the solution is completed, the tubes are pat into cold water, and the 
determination of carbon is thereupon carried out by means of the 
carbon-tubes. The carbon-tabes are generally bought in ^ets of three 
tubes, one of which is graduated, and the other two not. The tubes 
in each set are selected carefully, so as to be of the greatest possible 
uniformity as to dimensions and quality of glass Their capacity is 
20 c 0 . 

In my ordinary work I put the standard-steel solution into one 
of the ungraduated tubes, measuring off by aid of the graduated 
tube, and in very particular analyses I use standard-steel solutions 
of different colors in both the ungraduated tubes. This helps the 
ej^eto catch faint differences in tint. The solutions for testing are 
put into the graduated tube. 

The differences in the results, which are sometimes obtained when 
analyzing the harder classes of steel by the color-test, are not ob- 
served as far as rails are concerned, and I find no difficulty in ob- 
taining accurate results in this case. In fact, as far as my experi- 
ence goes, the carbon in rails is that element w^hich can be most 
easily accurately determined, and this by the simiile color-test. But 
even for harder steels a very much greater certainty is now secured 
by the method described in Professor Eggertz’s latest publication 

It is always desirable, if not necessary, that the standard steel 
should have a percentageof carlion not differing too widely fiomtfae 
average perfcentageof carbon in the steels for testing; especially when 
dealing with very soft steels one finds the necessity of having a low 
standard. 

In working this method for carbon estimation, when the carbon 
ranges from 0.10 to 0 80 per cent , I have obtained accuiate deter- 
minations with great rapidity ; and this, indeed, is the great value of 
the method, which is best seen by its application for ascertaining the 
carbon in every blow, even at the largest steel woiks in England, 
where hundreds of charges are made per day. Ordinarily, a boy is 
trained to do this woik, under superintendence of the chief chemist, 
and consequently the cost of execution is but very small. 

The plan of dissolving rapidly and then cooling the tubes, as just 
described, was origiPally employed by Mr. Sneliis at Dovvlais, 

PHOSPHORUS DETEEIMINATION. 

The gi eater number of steel works which I have visited use Eg- 
gortz’s molybdic method for determinationr of phosphorus in steel 
Except in Sweden, however, it is only at one large woiks in Ger- 
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?nim yhat I have seen this method oairied out m the way oiigmally 
tlescrjbed by Professor Eggertz ^ and at that works superior appli- 
es enabled the manipulators to obtain pretty quick, and cer- 
t^unly very accurate, results, even when using weighed filteis, arid 
woi king upon the small prescribed quantity of 1 gram. At other 
Geiman \^orks it was the practice to redissobe the phospho-molyb- 
date obtained, and to finish the analysis by the magnesia method. 
Bin at all the English and Welsh works with which I am ac- 
quainted the phosphorus is estimated hy weighing the pho'^pho- 
molybdate itself Several grams of the steel are alwajb used, and 
the precipitate is generally brushed off from the filter. Only at one 
Welsh woiks have I seen it gently burnt, so as merely to incinerate 
the filter. 

The former of the two last-named modes of manipulation is the 
one I use Like so many other useful modifications in the chemistry 
of non and steel, this plan was originally introduced at Eowlais by 
Ml Snelus. In the following pages I will describe the process, and 
at the same time refer briefly to the Welsh burning’’ method and 
to the magnesia method, etc 

The Brushing Method . — The solution of the steel for the determi- 
nation of phosphorus is an easy operation Not iebs than 5 grams 
of steel are dissolved in a mixture of equal volumes of strong nitric 
and hydrochloric acids. (I use for this purpose nitno acid 1 42, and 
hydrochloric acid 1,195 sp. gr,) No losb, through escape of phos- 
phot us, in Combination with hydiogen, is hereby incurred. The 
solution IS ev^aporated to dryness, and heated until all dark fumes 
have censed to escape. A beaker or a porcelain dish may be used, 
according to circumstances, and evaporations, etc , are performed on 
the hot plate By: the evaporation to dryness the complete solution 
of the steel is secured, all organic matter is destroyed, and the silica 
osLJi be separated, which is advisable if it is present in any noticeable 
quantity 

The dry mass is then dissolvipd in strong hydrochloric acid, the 
excess of acid removed by evaporation, hot water added, and the 
'Silica filtered off. (If little, or no silica is present, it is of coarse un- 
necessary to filter it off, and the precipitation of phosphorus may 
then at once be proceeded with.) The filtrate is evaporated down to 
a small hulk, so that it is only just fluid , it is allowed to cool, and 
then about 4 c c. of the strong nitric acid are added. A little unsing- 
water is introduced, so as to make the bulk about 20 c c. The beaker 
is stiongly shaken in the right hand, while from a pipette, which 
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b held in che left hand, 20 c e* of the solution of raolybddte of am- 
monia aie ailo^^ecl to run into the beaker in a tlim stream. 

The sohitioa of molybdate prepaied bj^lissolvmg 100 grams 
of mohbdate of animonia n\ IQOO ec of \^afer and 100 c c. of am- 
monia^ 0.88 sp gr. It is of no advantage to use less strong solu- 
tions of molybdate than this, as one has then to employ a larger 
quantity of the same, and thus obtain a greater balk, the work being 
thereby retarded* 

After pouring in the solutron of the molybdate, a few drops of 
ammonia (0 8S) are added, and tlie beaker is shaken until the precipi- 
tate of iron has disappeared. The phospho-molybdate is then com- 
pletely down, and j on have only to leave the beaker on the less hot 
part of the plate at least foi one hour , allowing it during that 
time to settle, and shaking it up again repeatedly After the 
last shaking the precipitate mast separate distinctly, and leave a 
perfectly clear, supernatant solution. There is no danger of getting 
mohdnlic acid down, even if you were to boil for a moment or to use 
a large excess of molybdate provided that theie is a sufficiently large 
qnantitv of nitric acid present. But, if there is arsenic in the steel, 
tins will come down along with the phosphorus and cause too 
high results. The use of the ammoniacal solution of molybdate of 
ammonia causes a considerable elevation of temperature ; lienee, as 
will be shown below, the precipitation of arsenic. 

After settling, pour the liquid on to a good Swedish 4-inch filter | 
wash the filter with cold water, containing 1 per cent, of nitric 
aerd, until it is quite white; wash the precipitate in the beaker once 
by decanting with ordinary water, moderately hot ; and, finally, wash 
the precipitate down on the filter, and collect it at the centre, with as 
few washings as possible with oidinary water, moderately hot. The 
filter should be quite white before the precipitate is washed on to it. 

If tlic washing is conducted ni this way no loss will be inenrred 
in dissolving, neither will the fluid run through turbid. The solu- 
bility of the phospho-molybdate piecipitate, at C., is given by 
Piofessor Eggertz as follows : 


In pure water, 

In water, wUb 1 per cent of nitric acid, 
In hydrocMork acid, 1 12, . 

In nitric acid, 1 2, . 


1 part in 10,000 

1 6,60b 

1 “ UyO 

1 “ 190 


If to the solvent be sidded a solution of molybdate of ammoma, 
equal to about half of its volume, the solvent action seems to De con- 
siderably lessened. 



CHEMICAI, MT,THODB FOR AXAr.Y2:iKG RAn.-STEEL iB9 


After Y-ashingj unfold the filter containing th^ precipitate upon 
another filter^ and put it on the edge of the plate to dry* The un- 
folded filter should be co\ered with a lar^re watch-glass, so as to pre- 
Tent dust from getting into it. As to the temperature for diyiog, 
this IS by uo meaii'^ so essential a point as is often supposed, and the 
precipitate may be dried for hour's at a temperature between 100® and 
140® C without changing its percentage of phosphorus m anv note- 
worthy degree, as stated by Professor Eggertx, whose results in this 
respect are compiled in the following table • 


Temperature 
^^^— 100 =’ 0 

120 ®— 140 ° 


Loi^ pa^ cent of Weight of Precipitate 
0 40 
0 20 
005 


95 °— 140 ° “ 


0 65 


The total loss in weight ’s thus only 0 65 per cent when drying 
at 140® C , and this has no practical influence, considenng tlie ‘^mall 
amoiuii; of phosphorus in the precipitate and the large quantity of 
steel operated upoir The precipitate aUo retains its yellow color at 
the temperature of melting lead (825® C*), but gets black at the 
tfemperatore of melting zinc (400® G.) 

When djyjthe precipitate is shaken down into a weighed platinam, 
or porcelain dish, the brush not being applied until nothing more 
can be loosened from the filter by mere shaking. It is a convenient 
practice to hold the filter lo the left; hand, and to knock gently on 
this hand with the other. 

Having thus given the outlines of my mode of using the molybdie 
method, I woultl add the following precautions, which are necessary 
for attaining accurate results ‘ 

1st Removing excess of hydrochloric acid from the solution by 
ermporation 

2d. Adding the solution of molybdate in a very thin stream, 
shaking well. 

3<1 Great care m the washing and brushing oif. 

As for the weighing it is advisable to dry m the vessel repeatedly, 
and weigh two or three times before finally deciding the weight. 

In Eggertz'^awiginal method there is used for the determination of 
phosphorus in steel only 1 gram. The solution of the molybdate is 
prepared from 100 grams of pure molybdfc acid to 422 c c. ammonia 
(0 95 sp. gr.), and 1250 c.c. nitric acid (1*2 sp. gr.)* By using such 
a small quantity of steel one advantage is gamed) viz that no 
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evaporation after separation of the silica is required, the balk beinp 
very small if the washing has been carefiill}^ performed But ot 
course brushing cannot be applied when such a small quantity of 
steel is taken ; weighed filteis must then be used* 

As to the precipitation m this case you may manage to have the 
iron solution of 15 to 20 c.c. volamej and add to the same at least 
half its volume of the above-mentioned solution of molybdate. The 
solution IS well stirred and left at a temperature of 40*^ C, for one 
to three hours, after which the precipitate is collected on the weighed 
filter, dried, and weighed. 

In Svedeii it is of great impoitance to keep the temperature not 
above 40^ C., as some of the very purest Swedish irons and steels 
contain arsenic, which will comedown as a yellow precipitate similar 
to the pliospho- molybdate. At 70° C. this arsemo-inolybclate 
(cmitaining 4*11 per cent, of arsenic) comes down pretty quickly, and 
on boiling it precipitates at once. It is easy to understand how 
important it must be to avoid estimating the arsenic as phosphorus 
in, for instance, a Dannemora Walloon iron, where the phosphorus 
may be only 0.01 per cent, or less. If the right temperature be 
neglected tho phosphorus \vould, perhaps, appear fo be 0.02 per 
cent.; but this would still be serious in such pure material. In fact 
it is to be feared that many mistakes on the part of consumers of 
Swedish steels are committed through overlooking* the presence of 
arsenic. 

It falls beyond the limits of this paper to describe Professor EgT- 
gertz’s method for separating and determining the arsenic ni steel, 
and I have only to mention that I have not been troubled with 
arsenic in any of the rail-steels with which I have had to do. 

The Burning Method , — As to the method of burning the pre- 
cipitate above referred to, I may say that I saw it practiced two 
years ago at a large woiks in South Wales, but not until lately have 
I had time to try it myself. At the woi^ks in question it was the 
practice to put the wet filter containing the precipitate in a platinum 
ciucible, and to place this in the forepart of a hot muffle-furnace, 
so as to incinerate the filter. A certain correction, as I was told, 
was made for the expelled ammonia, before taking down the result* 
However, 1 liave found, hitherto, that by adding the filter to the 
precipitate after determination by the brushing method, in the 
usual w'ay, and putting it all into a weighed porcelain crucible, then 
carefully charring the filter and burning it over a gentle flame from 
a Bunsen burner, no very dififerent results are obtained ; indeed in 
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mO'^t eases I have found the weight, afteF burning, only so raiK h 
higher than after bnishmg, Ub wouhJ eoi respond with the weight of 
the filter-ash^and in no case have I found it less than after brushing 
It appears that 110° C. is tlie highest temperature that can be 
used when only drying of the precipitate is intended, for at higher 
temperatures the filter-papei begins to ehange. Bat as far as the 
above named experiments shoM, it is quite feasible to ineincxate tlie 
filtei without piactically altering the composition of the pieeipitate. 
A continued seiie^ of such experiments will gnc a list, the av- 
erage of which will show the acciuacy obtainable by the burning 
method* 

Magnei^ia Methods .^^ — In some laboratories it is usual to redissolve 
the phobpho-molvbdate obtained^ and then to precipitate with mag- 
ue‘^ia-noi]xture. This is a rather slow and wasteful \*ray of proceilure, 
and the direct (RileyS) method seems then preferable 

In the direct method one may use at least lOgrams of steel The 
hydrochlone acid solution is reduced by means of sulphite of soda, 
the excess of sulphiuou'' acid is removed by boding, the solution is 
then neutralized with ammonia, and bromine added so as to oxid- 
ize about 0 3 to 0.4 gram of iron. The sesquioxide of iron is pre- 
cipitated by means of acetate of soda, and the whole of the phos- 
phorus in the steel is supposed to be precipitated along with it* 

The precipitate is filtered off and <h&soIved in hy<3rocblono acid, 
about 13 grams of citric acid are added, and the solution is neutral- 
ized with ammonia , 20 to 30 drops of magnesia'-mixture are then 
added, and somei ammonia The whole should be left for two days, 
and be stirred up now and then daring that time, before it is finally 
filtered; the precipitate is washed with ammoniacal water, ignited 
and weighed 

It is difficult to see wherein the advantage of using this method 
lies, as compared with the direct weighing of the phospho-molybdate 
Tlie Ignited pyro-phosphate of 'magnesia contains 27*95 per cent, 
of phosphorus, and an error in weighing must have, therefore, a 
serious influence on the result, unless a very large quantity of the steel 
is used But altogether, the magnesia method requires much more 
time, skill, and labor, thati the molybdic method To this should 
be added the statement by Professor Eggertz, that it is exceedingly 
difficult to obtain the reagents used in the magnesia method free 
from phosphorus, whereas in tlie molybclic-acid method it is only 
the nitric acid which may contain phosphorus Too high results 
are, therefore, frequently obtained by the magnesia method 
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In conclusion, I mar say that the above*descnbed brushing- 
method, which I use daily, has given very accurate results, as the 
same borings have been checked by some of the leading chemists of 
the day. As to the time required, if several analyses are performed 
at the same time, and suitable arrangements made, t\>o or three or 
even more results may be obtained in a day. 

SXLICOA" DETERMINATION. 

For determining silicon in raibsteel I use the aqua-regia and the 
sulphuric-acid methods. T^lie former has been sufiSciently de^cubed 
in connection with the phosphorus determination, and I will here, 
therefore, only mention the principal details of the latter. 

For each gram of steel I use 14 c.c of a mixture of sulphuric acid 
and Mater, in the proportion of 1 of sulphuric acid to 6 of water. If 
I wish to estimate the silicon only, no oxidizing of the solution is 
necessary, and I have only to boil (with exclusion of the air as far 
as possible) until all is dissolved, and then completely evaporate the 
water so as to render the silica insoluble. The white salt is tlien 
taken up Muth hot water and a few drops of strong bydrochlorio 
acid, and the silica filtered off and washed with hot water containing 
5 per cent, of nitric acid. 

If manganese is to be estimated in the filtrate obtained, the solu- 
tion should be boiled with a few cubic centimeters of nitric acid for 
about one-quarter of an hour before evaporating down. After dis- 
solving the salt in water and hydrochloric acid, boiling should be 
continued for another quarter of an hour before filtering off the’ 
silica, so as to insure the manganese being converted to^ manganous 
oxide. The silica must in this case be washed, first with ordinary 
cold Mater, and then with the nitric-acid water, which should flow 
into a separate beaker, and not into the first filtrate, where it might 
produce a higher state of oxidation of the manganese. 

I find that the aqua-regia and the sulphunc-acid methods yield 
results which are quite uniform and concordant. The sulphuric 
acid method can be quite as rapidly used as the aqua-regia method 
by means of the hot plate. Two’ years ago I' worked this method 
in a steel laboratory in Wales, and the chemists at the place took 
such a liking to it on account of the absence of the disagreeable 
furae^, which ^are evolved in the aqua-regia method, that they started 
working it for the daily determination of silicon in their pigs. A t 
the present time they use the sttlphuno-acid method exclusively, 
and are by practice enabled to Work it. quite as rapidly as tho aqua- 
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regia method. Besides being a neater method^ the sulphuric-acid 
process effects no inconsiderable economy in daily practice^ whefe 
oth<^r\vxse large quantities of aqua regia must be eoitsiime<L 

When using acid water, as m the sulphuric-acid method, or string 
hydrochloiie acid, as in the aqna-regia method, for washing the 
silica, I make no deduction for filter-ash The best Swedish filter-? 
paper does not leave any practically estimable quantity of ash when 
treated in that way. Otherwise a deduction is made aecoiding to 
JEggertz^a formula : 

gram^ — 0 OOOl 

D being the diameter of the in inches. 

MAXGANESE DETERMTXATIOX. 

For determining manganese in rail-steel I use tlie acetate of am- 
monia and brcfmme process, mth Jinal addUio7i of ammomd^ usual 
in English and Welsh steel laboratories. In Germany, the method 
with acetate of soda and bromine or chlorine, and no final addi- 
tion of a strong base, is used, and in Sweden the acetate o^ soda apd 
bromine method ui accordance with Professor Eggertz^s directions. 
In desenbing my mode of operating, I will also try to point out the 
great diffeiences between the method with ammomaeal salts and bro- 
mine a7id anmonia combined, and the methods with jued allalim 
salts; and to show what are the precautions to be taken in each case 
to attain accuracy. 

Bromine and Ammonia Process — 3 grams of steel are dissolved 
10 a flask of 1 liter capacity by aid of aqua^regiaj the solution is 
boiled down and finally dried. The mass is then dissolved m hydro- 
chloric acid* by boiling; water .is added to about 750 cc volume, 
and the bolution neutralized with ammonia or caibonate of aminomu. 
If too much ammonia is added, care mubt be taken immediately to 
add some hydrochloric acid and to boil for a sh.ort time, so as to pre- 
vent manganese being precipitated. When neutralization is com- 
pleted, add 20 to 30 ec. of strongly concentrated, tldck acetate of 
ammonia, and boil until you gee the precipitate settle clear after 
lifting the fiask.ofiF. from the lamp. If the supernatant liquid will 
not became clear, add cautiously a few dio}>s of istrong amma- 
ina (0 88), shake the flask and boil fora moment again. In thib 
way you are certain to obtain a clear supernatant liquid, but you 
must he’very careful notsto add too much ammonia, as diemanga- 

* The fijihca may m this case be filtered off and estimated if this i& not re- 
quired, the eteel is simply diseotved in dilute hydrochlone add, and the 8olnt!on 
oxidized by means of nitric acid, and boiled before rteiiirallzing 




174 CHEMICAL, METriOBS FOR ANALYZING HAIL-STEEL, 

nese mav then be partly precipitated as hydrated oxide. After set- 
tling, the clear liquid is passed through a filter of 10 inches diameter 
into a large flask, and finally the })recipitate of basic acetate of oxide 
of iron la poured on to the filter and the remaindei of the fiiiul 
allowed to filter \^e]l off. When no more drops seem to come from 
the funnel, tiie basic acetate is washed down into the first flubk by 
means of boiling water, and hydroehlorie acid is added. The flask 
IS well shaken and heated to boiling in order to insure the remainder 
of the manganese being present only as manganous oxide. Neutral- 
ization and piceipitation are then repeated as befoie, and the filtrate 
added to the first one obtained. For rail-steel I find two piecipita- 
tions like these <xirite sufficient, the manganese in such steels larely 
exceeding I per cent. But for spiegeleisen, ferro-manganese, etc , it 
IS certainly desirable to redi^solve twice, as the more manganese 
there is in the substance, the more of it will be retained in the iron 
precipitate Anyhotv, it should be borne in mind that a good boil- 
ing IS necessary after every re-solution, m order to convert the man- 
ganese to manganous oxide. 

The collected filtrates, contained in the large flask, aie then allowed 
to cool (this takes only a short time, the fiist filtrate cooling the sec- 
ond and so on), about 4 ec. of bromine are added and the flask well 
shaken, so that the fluid may be w^ell saturated with bromine. It is 
safest alv\ays to add so much bromine as to have quite a reddish 
color m the solution Ammonia (0.88) is then added in excess and 
the flask well shaken At first the solution generally becomes t^uite 
colorless, but afier continued shaking the brown color begins to be 
more and more evident, and soon the oxide of manganese separates 
in lumps. It is then boiled for a fcNV minutes, the precipitate al- 
lowed to settle and then filtered off, washed with hot water, dried, 
Ignited, and weighed.'^ 

It IS ncoe^^sary to have the solution quite cold, and a large excess 
of bromine present, wdien precipitating the manganese m this way 
If the solution be hot, a violent evolution of nitrogen gas will take 
place, and the manganefee remains in the solution. Insuflieient bro- 
mine also causes only a partial precipitation. One may write the 
reactions in this process as follows : 

I. Insufficient bromine : 

2[Mn0/C3H3O),]-{-aBr-+.8NH,+ (x + 2)H,O^(Mn02+xH,0)-f- 
6NIhBr-f 2{NH,O(0,Hs0)] -f-N. 


^ Tbo pretnpitate isJ always to bo tQ^tt-d for iron, unless the non has been pre- 
viously removed, which is generally the case^ 
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TI Siffjcicnt hrosairip: 

5Br-L8KH.-i-rx-i 2 )E.O = (XuCX-r- xU^<yi + 
5XH*Bi -f ^[JNrH.Ot'C^Haa^]^ ^ 

The ad\antages of the method just de^crd>ed consist chiefly in the 
rapidity with winch the pieopitation, filteiingj and washing of the 
manganese piecipitate take place The washing is \ery quickly 
finished b} aid of hot water, no fixed alkaline salts being present. 
The anirnoniacul saltb do not prevent the precipitation of manganese 
by biomine and ammonia combined^ and this was never disputed by 
an\ of the chemical authorities on the Continent, although it is so 
stated in a paper on the estimation of manganese in the Journal of 
the Iron and Steel Institute for 1877 Fresenius, Eggertz, and others 
assert that the manganese cannot he precipiUited m ‘the solution, 
after separating the iron, by bromine alone^ if ammoniacal salts are 
present, and this is easily ascertained by experiment The following 
description of Professor Eggertz’s method will, I trust, show the 
differences m the two methods clearly enough. 

Uggert^s Method, — Professor Eggertz, and, following in his foot- 
steps, the chemists of Swedish steel w^oiks, use 3 grams of the steel 
for tf sting. The sokition, the evaporation, and the })roces‘5es be» 
longing to the precipitation of the iron, offer nothing new to bo 
mentioned here; it is only to be said that the bull:, in which neutral- 
ization IS effected, is pi'escribed to be not less than 500 c c. Carbonate 
of soda is used for neutralizing, aud a little h\ drochlone acid is always 
added at the end of the piocess. 60 c c. of a strongly concentrated 
solution of acetate of soda are then added and boiling is continued 
for five minutes. Filtering and redissolving are effected as usual. 

The solution containing the manganese is evaporated down to 
400 to 500 C.C., and heated to 50'° C , a few drops of bromine are 
added and the solution is stined The manganese then piecipitates 
as hydrated dioxide It is allowed to settle on a water bath, filtered 
off, washed with cold water containing 1 per cent, of hydrochloric 
acid, Ignited and v\eighed as tetra-oxide. Or it may he collected 
on a weighed filter, dried at 100° C., and weighed as hydrated di- 
oxide (3MnO^ 4- H^O), containing 59,14 per cent, of manganese 

If ammoniacal salts aie present, the precipitation of the manga- 
nese will be partly or wholly prevented. It is necessary to employ 
a laige excess of acetate of soda, otherwise the manganese will be 
precipitated incompletely. This is best understood by the follow- 
ing equations : 
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I Inmfficunt acetate of soda: 

2[MnOg[C2H^O) .} 2Br4- {x ^2)0,0 = + 

' MnBr2-f.4[H0(aH50)] 


II. Sufimmt acetate of soda: 

Mn 0 ,(C,H 30 ),^- 2Br 2 [Na 0 (C,H 30 U + {x^2)Efi = (Mn02 + 
xBfi) -4- 2NaBr + 4 [H 0 (C.H 30 )] 

By comparing these equations with those of the bromine and am- 
monia piocessj I think a pretty clear view may be had of the differ- 
ent coiiditi<;>ns of the two methods, without further comment. 

After what has just been shown, there is no disguising the fact 
that the bromine and ammonia process is more rapid and convenient 
than the process with fived alkaline salts: but it should be here 
pointed out that a great mistake is often committed in saying that 
it is impossible to free the precipitate Bom alkali by washing. Pro- 
fessor Eggertz has stated that by moans of cold w^ater containing one 
por cent of hydrochloric acid the precipitate may be easily freed 
trom ajkah. In Germany, wliore the fixed alkali method is used, 
thi^s mode of washing is not so frequently known as might be sup- 
posed, and at one works 1 was told that experience went to show 
that by using chlorine instead of bromine the washing of the pi'e- 
cipdate Avith ordinary hot w’ater could be more easily effected. 

When chlorine is used for precipitating the manganese, no ainmo- 
niacai salts must be present, otherwise the explosi\e compound C!,N 
may be formed. On the other band, in the ease of bromine and 
ammonia, no explosion need be fcaiTd. 

The different methods, of which the outlines have now been given, 
yield quite concoidant results when carried out by experienced hands, 
and for rail-steel there is certainly no preference to bo given to any 
of them so far as accuracy goes. Aocoidmg to my own working, 
the results sliouid not vtivy more than 0 05 per cent , and the time 
icquircd for an estimation one clay ; of course several assays can be 
made at the same time. As to lapidity, the bromine and ammonia 
process AVili no doubt prove the best, for reasons stated above. 

There aie many vokm'ietnc methods for determining manganese^ 
but as far as I have seen, none is more rapid than the gravunetrio 
method with bromine and ammonia. A new volumetric method 
has been recently devised in the Stockholm School of Mines, and 
Will bliortly be published. 
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SULPHUR BETEEMINATION 

I dissolve 5 grams of steel in aqua regia and separate the silica 
m the usual way In the boiling solution the sulphur is piecipi- 
tated by means of 2 c c of a eoneenliated solution of chUmide of 
barium. Boiling is continued for a short time^ and the solution is 
then left to stand during one night, 

The sulphate of baryta, before being talcen upon the filter, is de- 
canted repeatedly with hot water. Some drops of hydrochloric acid 
must he added to prevent oxide of iron from being precipitated. By 
washing carefully in this way accurate results are secured, always 
provided that the reagents are pure. The purity of the reagents is, 
indeed, the difficulty m this aiethod/as it is almost exceptipnal to 
find the acids bought as ^‘special ” free from sulphur. The sulphur 
must be estimated m the reagents and the necessary deductions made. 

There aie chemists, however, particularly in Germany, who assert 
that even with pure reagents you will get too high results by the 
aqua-regia method. They therefore use the bromine method, lead- 
ing the gases from the sted dissolving in dilute hydrochloric acid 
through a solution of bromme in hydrochloric acid. The sulphu* 
retted hydrogen is thus oxidized and can be precipitated in the usual 
way by means of chloride of barium^ 

As far, however, as I have been able to see, the bromine method 
gives too low lesults I have had to determine the sulphur in steel 
with the aqua-regia method agiunst ohemists using the bromine 
method, and on some occasions I have found 0.08 per cent , while 
the others have found' only half of this. 004 per cent. By means 
of Eggert^s^S silver-platOj however, I easily ascertained that 0 04 
per cent was much too low. The experiment was carried out by 
hanging a clean, small silver-plate over the gases evolved from OT 
gram of steel /dissolving in 1 3 c c. of sulphuric acir] of 1 23 sp. gr. 
The plate then got a decidedly more bluish than brownish color, 
whereas if the percentage of sulphur had been only 0 04 per cent, 
the color would have been simply brown and not blue aball. This 
plate method was worked out by Professor Eggertz, and has been 
for many years in use at all blast furnaces in Sweden for the daily 
testing of every cast of pig iron* The plate method will yield very 
good results for percentages of sulphur between Oand 0.04 per cent., 
and this is quite sufficient for Swedish irons. But for sulphur over 
0.04 per cent , the method is less aocurate, except in extremely welb 
trained hands, and one can only make a rough estimation, as a 
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rule. The relations of the eolors of the plate to the percentage of 
sulphur IS bhowis by the following table : 


No color, 

. 


, 0 CO pel cent, 

iihghtiv yijMowisIi, 



0 01 

1 cl low . 



OOi 

Yellow-brown, 



0 m “ 

Blown, 



.0 04 

Mil?, 



0 W “ 


Between brown and blue there are numerous variations in color. 
A certain red tint signifies 0 10 [ter cent., but this can only be learnt 
by practice. 

APPENDIX. 

THE COLOR-TEST FOR CARBON IN IRON AND STEEL. 

V FGQER'17 

(riaxiblated from the bj yt Tjoilmsl 

The first description of this method appeared in the Jemkori” 
ioreU Amaler^ for 1862, page 54, and in the Berg und HuUen- 
Winimche ZeiiuTig 3863, page 373. Subsequently, several additions 
were made to this description in the Je'i nhoiitoi els Annaler,, 1874, page 
176, and m the Berg und HtifU7unannuc?Le 1875, page 440 

At that time I consuleiecl that it would bo practically sutBcient to 
determine the carbon in tenths of a per cent, but I now find that 
even hundredths of a. j>er cent, are requued 

For commercial purposes, however, iron and i»teel is generally 
stamped with only whole or half tenths of a per cent, of carbon, it 
being chiefly for the softer irons and steels with carbon between 0.10 
and 0 25 per cent., that the greater accuracy in determining the car- 
bon IS required. 

Pure hydrate of oxide of iron, eontaniing 0.1 gram of iron, and 
free from chlorine, will give a jellow-greenish soJutioii when dis- 
solved in 2,5 c.c, of nitric acid, specific gravity 3.2 The solution 
will lighten somewhat on addition of 1 5 o c of nitnc acud, but not 
so much as when water is added instead of mtric acid When hot, 
the solution has a, iniuh darker color than wdien cold. By atldnig 
4 C.c, of water in either of these cases so as to make the hulk up to 
8 cc., the iron color will be totally got nd of. Hence the rule for 
color-tests for carbon, that the solution of iron imist l>e diluted with 
a volume of water at least equal to the volume of nitnc acid used 
for dissolving the iron, and that the volume of the solution must 
not be smaller than 8 c.c.,'* when the color is to be observed. 


For ©soil 0.,! grnfTj of T 
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The nitrie as nell as the water mii«t he entirely ftee fiom 
cMonne or hvdrochlouic aud, uhrli q\v^ a velhmo'^h eolot ' 

to the e\en if pre=^ent m only ver% small qnantitios. 

The qtiautitv of ii’tnr acid sh<mld co»-re^pond to a coitaiii e\tent to 
the amount of eai b<>n supposed to l>e prMnt in the iron Foi non 
e^otaming: carbon 0 25 per cent , 2.3 cc are tha> for each 0 1 
gram, for Go per cent. 3 e,c , for 0 5 per cent 3 5 c.c , and, tinalh", 
for 0 <S pp! cent. 4 o e, Toi steels \Mth moie carbon 5 c,c. dioiild be 
The last-nemed quantitj also to be ii^ed for white piix 
irons, of wlimh, howe\er, 0 05 giam oniy carefully weighed out 
for each test. 

When the nmoant of carbon quite unknown 2 5 c.c. of nitno 
acid are atkled to start with^ and then more initil it is indicated bv 
either the color or by the quantity of separated carbon-substance 
that no more acid is wanted. A little more acid than the quantity 
just mentioned does no harm, if only an equal volume of water is 
afterwards added. Thus for w Inte pi£r iron 7 c.c may well be taken 
&o as to prevent a too quick precipitation of organic maters after 
diluting. With too little acid a too daik solution will b4 ol)taincd, 
Thusj if 0 1 gram of steel contanmig 0 8 per cent of carbon dis^ 
solved in 2.5 c c. of nitric acid only^ instead of 4 e.e , the color of the 
solution wnll, after dilution, represent a percentage of carbon equal 
to about 0.9 per cent. 

The iron for testing is to be finely divided either b} filing, | by 
aid of a good clean file, or by means of a boring machine (which is 
prefeiable), or by nibbing with hard steel edges, or by crushing 
in a steel mortar, if it is \ery hard 

The test-tubes for dissolving the steel should has^e an internal 
diameter of 15 mm., and a length of 120 mm. The tubes arc to bo 
cleaned out by means of coarse filter-paper rolled together and well 
cut at the edges 0 I gram of the iron or steel for testing, or in the 
case of white pig, 0 05 gram, carefully weighed, is then put into the 
tube, and 2.6 c c. or more of nitno acifS of specific gra\itv, 1.2 added. 
The acid may be readily measured off in a little raeafeuruig glass of 
10 mm diameter, and 75 mip, length, and graduated m as to show 
whole or half cubic centimeters The tubes are covered with nmatl 

* OnU 0 OOOl gnim ot thlanno prr>ducos distinot vt'llow collar m n ^ulutHUi 
of 0.1 ^ratn of non (fiom h^flralecl of iron) in 2 5 c c of iixtriy aoid Tlub 

color ctm be noticed ex^t-non addition i>t 1 5 e c oi nitiic acid and 4 c c ot walei 
Upon ftn tber diUuinjj the coloiatioii bf^omes iesa di«!tnigui*^hab!e 
•f* Worn off p^' Oie ble may, however, greatly increase tbepeicvnt- 
flge of caiibon in the non 
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watch-glasses (2S mm.)^ and put into a eyhoclnea! vessel of copper- 
plate, having a height of 100 mm , and a diameter at least of 120 
muK This vessel is covered with a eopper-plate provided with a 
thermometer and holes for the tubes. The holes are rnaiked with 
engraved fgiires. The vessel is to contain water and a few grams 
of paraffin to prevent the evaporation of the former, and is healed 
to 80® C. by means of a gas flame, Thits temperature should be 
kept up ail the time. The tubes aie shaken now and then^ and the 
solution in completed when no iurther gas-bubbles appear. One and 
a half to two houifij or sonietimes longer time, is requiied to effect 
complete solntion, the time depending upon the amount of carbon 
in the iron. 

Up to the present time this has been the ordinary way of proceedings 
but it 5s shown by experience that the keeping up of the tempera- 
tuie of 80® C. requires more care than has been generally taken. Of 
couisej this has been of Ic^s influenco as long as fresh weighings of 
the htandard steel have been dissolved along with every set of sam- 
ples for testing. But if it is desired to avoid the frequent dibsolviag 
of standard steel and to use permanent standard solutions (see farther 
down) then the iron must always be dissolved at the same tempera- 
ture. Tor this puipo«e it is the safest way to put tho tubes into 
boiling water By this means the lime for dissolving may be short- 
ened to about three-quarters of an hour, and the color of the fluid 
will then turn out a littie darker than by dissolving at* SO® C. If, 
occasionally, greater rapidity is required the solution may be effected 
by boiling over a lamp-flame; between the fiarae and the tubes 
there should be pul a brass-gauze with the tubes resting on it. The 
color will in this case generally be somewhat darker than when dis- 
solved at 100® C. The reason for heating to 80®C. instead of 100® C, 
has been, that in the latter case there is sometimes a i eddish -yellow- 
ish deposit formed on the glass; when brought down into the fluid 
this matter makes the solution turbid. The deposit mast be dis- 
solved by shaking if possible, otherwise it must be filtered off. It 
consists of intrlc acid and oxide of iron. This is borne out by the 
fact that If also arises by heating a solution of pure hydrate of ostide 
of iron in nitric acid. 

All gas bubbling having ceased, the tubes are taken out of the hot 
water and put into a beaker containing <ioId water. They should 
be covered in some way so as to be totally excluded from the day- 
light, which would soon give too light a color to the solutions. If 
protected in this way the solutions will retain their color for many 
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days* The burette for deteminmg the carboJi should have 30 ac, 
capacity, and be graduated into tenths of cubic centimeters, and be 
provided with one large and one small mouthpiece at the uip|>er end. 
The solution is brought into this burette^ through a filter, if neces- 
sary, m for instance if the iiuid is larbid, or graphite is present. 
Then distilled crater is to be added ; the quantity of water^ mcluding 
the water used for cleansing the test-tube, must be at least equal to 
the quantity of nitric acid used, and the total volume must not be 
less than S cx% wherv it is to be compared with the standard fiolution* 
The standard solution is prepared by dissolving standard steel. It 
should be diluted with warer so as to make each aubie centimeter of 
the same correspond to 0.1 per cent of carbon. It may also be care- 
fully dilated with more water so as to have each cubic centimeter 
~ 0.G5, 0*02; 0,01, or 0.005 per cent, of carbon, of O.l gram of iron 
or steel used. For example, dissolve 01 gram of standard steel, 
containing 0.8 per cent, of carbon, in 4 c c. of nif rio acid, and add water 
to 8 c.e. The solution as to be carefully mixed after each addition of 
w^terj otherwise the lower part of the Iluid will appear too dark. 
After mlxingr at least one minute should be allowed for the fluid to 
run down the sides of the burette before readiag off, which is done 
at the upper border of the fluid. 

The above-mentroned standard solutions, representing the total, 
half, fifth, tenth; and twentieth of the standard, may be marked and 


used as follows s 

Ferceut^ of carbon 
perc.c forol graraofiron 

To be Tised for iroit with 

A percentage of carbon — 

N . 

. .010 

. 0 $ and more 


. 0.05 . 

, 0.4 —0.80 


, 0.02 . 

. 0.16—050 


. . 0.01 . 

. 0.08-0:26 

*S . . 

, .0 006 

. 001 — O.0S 


The smallest percentage of carbon* found in iron in this country 
is 0.04 per cent. A good daylight is required when using the last- 
named standard solution, and this remark applies to all colonmet- 
ric tests. 

The dilution cannot be carried &rther than twenty times the 
original solution in the case of using the oi dinary burettes of about 
12 mm. diameter. But one can sharply distinguish the difterence in 
color between ordinary distilled water and a standard solution diluted 
forty times fts ortgitiaj volome, and, therefore, if one uses burettes 

* By of iodine method 0 038 per cent of carbon was once found in 

8 grams of a Swodish Lancashire, iron. 
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of 24 mm, diametei, iL will ^k:* poS'^ible to appio.'ri mutely determine 
the carbon in iron oontaiinng; onjy 0 OS per cent ^ snppo'-mg suob 
soft iron to be produced. In this case iiKabiue off I e c, of the ^ N ^ 
solution in a delicate measuring tube and dilute to 40 cc. Thm 1 
c c, will be equal to 0 0025 per cent, of carbon. Pour f tantlaid 
solution into the 24 mm tube. This tube bhouIJ cAactlr eoi“ 
le^pond with another graduated 24 mni. tube^ in ^chich 0 4 gram 
of the non for testing to hedi^^solvcd in 10 c<\ of nitric acidj the 
solution diluted to S2 o , and then more until the colors agree Foi 
inst'ancOy if the eolor» Uiriee at SS o o, bulk^ }oii the percGntagt' 
of caibon thus . 

0 002 5 X 35 — 4 ===: 0.022 per cent. 

Hitherto it has been the usual practice to compare colors bj holding 
a piece of thm filtei -paper behind the tubes. In this way^ however, 
one IS much dependent on the distribution of light in the room, 
which, theiefore, ought to ha\e for this purpose only one window 
For most people^s eyes the left-hand tube will appear somewhat 
daiker than does the right-band tube. For this reason it was ori- 
ginally prescribed that the tube containing the solution of iron or 
bteel for testing should be kept to the right so as always to have it 
in the same position. In order to avoid being dependent on the 
room I work in, and to le&sen the diffeience in color between the left 
and right-hand tube I now most advantageoubly use a contrivance 
in shape of a little camera, into which the tubes are put. The 
camel a is made of wood 6 mm. thick, and is open at both ends The 
inner sides are blackened. The internal height is 80 mm , width of 
forepart 26 mm., and width behind 120 mm. The tubes are put in 
the forepart through apertmes* in the upper part of the camera, and 
steadied at the bottom by a gutter of copper plate, and at the upper 
part by a biass-wire. The boK is closed at the wider end by means 
of thin filter-paper* nailed to it. Burettes and tabes should be 
closely of tiie same quality as to color, etc. and be wiped with clean 
Imen before being put mto the camera 

We have of late been using as standard steels two Bessemer 
steels, one of which contains .80 per cent, and the otlierone 16 per 
cent of carbon. These steels are kept in pieces 12 mm. square 
Samples from these pieces aie' always taken at right angles to the 
longitudina] axis The carbon in these s-teels was determined by me 

^ Thib hKo be by applyinfij ii Bcre<"n holding a gla^b adapteu to tha 

oya as. to ronvoioty oi eoncAvit;j , and biuitnj about 40 lum 
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by aid of the iodine-method, as defccrii)eil iii the Jernlj^nio} ds An- 
1862, page 47 5 giaui'^ were taken lor each test. Three 

analyses of the haidei steel ^houed 79, 80 and 82 pei cent of 
caibon, and two anahses of the steel containing *16 per cent agieed 
\ery closely Thc'-e carbon detetminatioii's also agieed very well 
with those O! Dr. A Tamm. hose ie>ults i)v combustion aic de- 
sciibed in the Jenilontoi cU Anaalti ^ 1874 The iodine method is 
now modified so that instead of using iodine diiectly for dissolving 
the iron oi steel, a solution of iodine in lodule of iron is used. 
Thia aiise^ fiom the difficulty of obtaining pure iodine* The solu- 
tion now used is prepared by dissol\mg 10 grams of iron in 50 
giamsol lodme, and adding another 50 grams of lodme, which is> 
readily dissoHed The solution is filtered and water passed through 
the filter until a bulk of 100 c c is reached. 10 c c. of this solution 
are required for 1 gtani of iron* With regard to the diminution m 
weiglit of filter-paper on being treated with acid, we have generally 
used platmum filters for collecting the carbonaceous matter How- 
ever It IS somewhat difficult to obtain good platmum filters, and 
therefore it seems preferable to us.e filter-paper whicli has been 
treated with hjdroohlorio and hydrofluoric acids,* whereby the in- 
organic mgredientb are almost completely extracted. A filter of 60 
mm* diametei thus treated does not give more than 0.0001 gram 
ash. The ciubouaceous mass should be dried on a water-bath at a 
temperature uf 95^-98'^ C For this purpose the mass is put mto 
a crucible, and the crucible then put into a glass tube, closed at one 
end and bri mg a length of 130 mm. and diameter of 35 mm The 
uppet end of the tube closed by means of a cork, through which 
hangb a therniomcier The ciaicible may be inserted or removed by 
means of a bent bmss wire. 

Fven for white pig iron better results than might be expectedf 
aie now obtained by the color te«t* Tlie difficulty in this ciise lies 
in the use of only 0 05 gram, and still diluting to a vevy large 
volume, which renders a slight error in observation very important 
The solutions of white pig iron should be rapidly read off, because 
they soon become turbid with a precipitate of organic matter This 
inconvenience may be, to a great extent, removed hy using 7 c.c. 
instead of 5 c e. of nitric acid. 

The mode m which the carbon is present in the steel as ^‘oemenfe 

* Frest'mua’s Z^itscbrift, 1879, p 5S2 

f JernKont-orets Annaler, 1874, and Berg und HuttenmaTini*^che Zeitung, 1875, 
p* 440 
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carbon/^ or hardeosBg carbon,” clc*es not influence the color tesi 
other^jfise than to render the solution' ie-^s dark in the latter case, 
when the carbon is more mtlmately combined with the iron. Thus 
a steel containing 0 8 percent, of carbon showed only 0 55 per cent, 
after strong hardening and erusWng. After reheating the steel to a 
low red heat, the original percentage of carbon was again obtamed 
By aid of the iodine method O.S |ier cent, of carbon was found in 
6 gsaras of the hardened steel* A piece of iron containing 0 3 per 
cent, of carbon, upon being hammered down cold froiu l2 mm. to 6 
mm. square, showed the same carbon befoEO and after hammering. 

Different kinds of iron and steel behave very difterentiy during 
dissolving, some solutions becoraiug colored at once, othei*s only 
after heatuig. They final color, however, after diluting with water 
generally tallies very well with the color of the standard. lu case 
there should be any differenee tn tint, — yellow oi brown, — if is best 
Lo notice the intensity of colors, which can be done by holding a 
thin filter-paper behind the tabes, and observing through which 
tube one can most easily see certain dark points in the paper, etc. 
It IS a matter of course that some persons are able to use the color 
test with greater advantage than others, accoiding to their different 
eyesights; but eyesight may be considerably improved in this respect 
by practice, as shown by experiencse; lu fact, only very few have 
hitherto been found incapable for this work. 

The following experiments have been made with regard to the 
influence on color exercised by foreign substances in iron and steel : 

Manr/ane^e. — 0.06 gram, contained in carbonate of manganese, 
was dissolved in 2.5 and 6 c.c. of nitric acid. The color thus ob- 
tained was brown, owing to the presence of a little oxide of man- 
ganese/ After heating to 100^ C. a small precipitate was obtained 
(in all probability hydrated dioxide), and the solution assumed a 
slightly leddish color, which disappeared after diluting with water 
to 8 01 10 cc. These experiments show that the color test may be 
u'?ed for determining the carbon in ferromanganebe. A ferroman- 
ganese containing 80 per cent, of manganese showed 4 per cent, of 
carbon by the color test. 

JPhosphorm. — 0.001 gram, contained in phosphate of stxlium, was 
added to a solution of 0 1 gram of iron (as hydrated oxide) in 2.5 e o 
of nitric acid and 2.5 c.c, of water ; no difference in color was ncfticed 
after this addition. Iron containing 5 per cent, of phosphorus is dif- 
ficult to dissolve, and with 10 percent, of phosphorus It is insoluble 
in nitnc acid. 
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Sulphur, — 0.001 gram, contained in sulphate of magnesia^ was 
added to a solution of iron in 2.5 ce. of nitno acid and 2 5 cc of 
water The color of the solution remained iinalteped. 

Neither did any alteration in color take place when 0.01 gram of 
rrianganebCj 0 U 1 gram of phosphorus, and 0.001 gram of sulphur 
(all rontaihed in the abo\ e-men ti on ed salt*;) were added to a solution 
of 0 1 gram of iron (as hydrated oxule) iii 5 c.c of nitnc acid and 5 C-c* 
of wuter The same quantities, when added to a solution of 0 1 gram 
of standard steel wuli 0.8 jrer cent, id carbon, did not alter the color 
here either. 

Copper — 0 001 gram was dissolved in 2 o c.c of nitric aoid and 
2 5 c c. of water. No coloring of the solution. 

Silicon m iron and steel is, to a very gieat extent, disstilved in 
rutric acid on heating, even if lumps of silica be seen floating about 
at the beginning of the di'isolving process 0 4 per cent of silicon 
in steel has no influence whatever on the color test. Sdioions pig 
irons always contain graphite, which must be filtered off, tt>gether 
with the silica which may possibly have lemained insolable. 

Tmgsien in iron or steel is converted into tungstic acid (WO 3 ) 
when the non or steel dtssolves. It is insoluble, and must be fil- 
tered off. 

Chromium — 0,002 gram, contained in hydrated oxide, when dis- 
solved in 2 5 c c of nitric acid and 2.6 e,c. of water, gave a grayiAslt- 
blue color to the solution. After addition of water to the double 
volume this color grew less distinct. On addition of more water 
the color gradually grew fainter^ and at 40 c.c it disappeared. It is 
difficult Vi even impossible to dissolve in nitric acid iron or steel 
containing much chromium. 

Vmadhm , — 0 001 gram, contained in vanadic acid (V^Oj,), when 
dissolved in 25 c.c. of nitric acid, gives a faint yellow color to the 
solution This color disappears after adding 2 5 cc. of water, 

Niold , — 0 001 gram, when dissolved m 2.5 c.c. of nitric acid, 
gives a green color to the solution. This color remains visible after 
adding 2 5 c.c. of water, but disappears at 8 or 10 c.c. volume. 

Cobalt — 0 OOl gram when dissolved in 2 6 c.c. of nitric acid gives, 
as is well known, a red color to the solution. After adding water to 
24 cx. this color IS hardly visible, but may, however^ not be consid- 
ered removed before di luting to 40 c.c. 

In my paper of 1862 I pointed out the desirableness of having 
permanent staridai^ solutions of tnorgamo matters, instead of those 
prepared by dissolving burnt sugar in spirits of wine, the latter so* 
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lutions getting liglitcr after “^onie time, particularly after prolonged 
exposure to the sunlight Slany propositions have been made of late, 
in various journalo, with regaid to this and coinpounds of 

iroUj cobalt, and ni^'kel, well as bichromate, have been 

recommended for the purpose I have experimented upon scv^erai 
such mixtures, and lately, at the suggestion of Professor F. L, Ekman, 
I have tried the chlondojs of iron, cobalt, and copper, and I find that 
these ) leld the best results, as they alkw of the prodiiclion of any tint 
m \ellow, blown, or gieen. Such mixtures, diluted with water con- 
taining 0 6 per cent of hydrochloric acid of 1.12 specific gravity, 
have been found to remain unaltered even after a long exposure to 
sunlight. The mixture grows more and more yellow b}- adding 
hj^drochloric acid drop by drop only. I prepare my standard solu- 
tions as follows By a<kling to the neutial ciilorides water contain- 
ing Lo per cent, of hydrochloiic acid for the chloride of iron, and 
0.5 per cent, for the two other chlorides, I prepare solutions of a 
strength coiTespondlng to 0.01 gram of metal per cubic centimeter. 
Then 8 ee. of the iron solulion are mixe^ with 6 oc. of the cohalt 
solution and 3 c,c of the copper solution, and about 5 c.c. of w^ater con- 
taining 0,5 per cent, hydrochloric acid are added to the mixture. At 
a temperature of 1 8^ C ' this solution sbow^s exactly the vsame color as 
a solution of steel in dilute nitric acid corresponding tu 0.1 per cent 
of carbon per cubic centimeter. The solution may afterwards be 
diluted with water, containing 0,5 per cent, of hydrochloric acid, to 
any staiidaicl color required. The addition of water is almost di- 
lectly proportional to the percentage of carbon. 3t ne^d scarcely 
be mentioned that the quantities, 0.1 gram for iron and steel and 0.05 
gram for white pig iioD, must be correctly weighed out when arti- 
fieia! standard solutions aie used, 

that permanent standaid solutions can be obtained, it seems 
to be the right time to apply the old method for the dolermination 
of a>pper m ammoniacal solutions. This method was adopted by 
Mr. J. Rlodget BnttoUj of Philadelphia {Fresenius^s ZcitHvhri/if 1871, 
]) 245), t foJ^ colorimetric tests on iron and steel. He uses se.veral 
tubes of the safne size and quality, having equal volumes of standard 
solutions of different strengths in the different tabes ; he dissolves 


This L ftTi Rddiium nmdo ^tn<'0tho p*vpe*‘ put>H<;h0d in tbc Jqi nkontoicts 
Annnler. — M T 

f From Mr F O Sodeiberg-j at the School of Stookbolni, stHiultud 

aidfioially prepared, as well as standard steels, aro obtainable Tho 
pemianent solutions are kept in closed gla^ tubes, to each of \vln<*b belongs ji 
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the .-tee^ for testing in similar iiiLe-, ano nnalh fhlnte.^ fcoUi- 
vuih water to the :?ame \oliuiie ab ttie i^tantlard bohitioi!'^. Br 
coiTijUiUU thoe he is able at mice to a<.^oriBine to the huntliedth ot 
one |jer rent bv U'^iog 1 to 2 giarob fl>r ea^*h test Fur bis staodaui 
'-oluln^n^ he used buinf rotfee^ HiHCh lie coii^^ideicd to be better than 
biiint sug ir 

Greater aoeurac} in color tests nia} t'e obran*ecl lo looking at 
the ^^dtitions m the tube« ^rom abn\t la-tead of froiu uup side. In 
tins c I'^e howerer, the bottonis of the tuiies nio>t be peiiectly alike, 
A Miitabie light must be piovidal, end the i-uluinns in tiie tnbuo 
must ai! have the same height 

I ti list that a stnot observation of the directions now gi\en will 
efes<-iitially remove the diiBeulties which have been experienced m 
Using the colot test, as well iii this country abroad. It should 
a!«o be borne in mind that the properties of iron and steel are not 
dependent on the amount of caibon alone. 

Before concluding thi^ paper I have to thaaLfulIv acknowledge 
the service readert.d by ilr. C. G. DahIcruSj mining engineer, in 
working out the results now published. 


Diacussioir oa " meteods of aealyzinq 

EAIL-8TEEL, 

Austin- FAnKnt.L and James Gayeey, Missouri Furnace Co,, 
South St. Louis, Mo The discussion of chemical methods for 
the analysis of iron aud steel, which has been one of the results 
of Dr. Dudley's papers on steel rails, bids fair to be of great 
value in instituting comparisons of the methods ui use m the lab- 
oratories of our numeioiis iron and steel 'ivorks. We have found, 
in our eyporienee in making comparative determinations (especially 
of phosphorus) with other ehenaists, that the greatest vanatioos 
in results are caused by the use of different methods. One case 
in particular has come under our observation where there was a 
marked difference in results from two laboratories, but a close 
agreement was subsequently obtained by the adoption of the same 


corresponding burette Tho&e having burette» may send theui to Inm in oidor 
tp get suitable tubes for the standard bolatioii'* 
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iTiethod, An analysis^ at the present stage of iron and steei naaBn- 
facturej is not, as !t formerly y, 2 l% a matter of curiosity, but rep- 
resents dollars and cents, and that not only in the disposal of 
the product, bat in the economy of every-day working. It is of 
the utmost importance, then, that chemists connected with iron 
and steel works should agree upon standard methods^ which, if 
not generally accepted, may he resorted to as decisive in adjust- 
ing the difficulties which so often arise between buyer and seller- 
The paper of Mr. Troilias is of great interest, as k gives the methods 
In dally use in iron manufacioring districts abroad; In accordance 
with Mr. Sandberg’s suggestion, and at the request of the Secretary 
of the Institute, we give a description of the methods used in our 
laboratory in the analysis of Bessemer pig iron 
Phodpffoncs Ddermination — 2 5 to 3 grams of iron borings are 
treated wuth nitric acid (sp gr 1 .2), using 10 c.c, of acid for each gram 
taken, and heated on a sand-bath until effervescence ceases , 5 c c. of 
hydrochloric arid (sp, gr. 1 .1 2) for each gram of iron are then added the 
solution evaporated to dryness, and heated iu an dir-bath for one hour at 
a temperature of 120^ C. Take up with the least possible amount of 
concentrated hydrochloiic acid, and when the oxide of iron is dis- 
solved, add nitric acid and drive off the hydrochloric acid by evapo- 
ration^ adding a little nitric acid from time to time. Finally, con- 
centrate to small bulk and then dilirte sufficiently to prevent the 
acid from attacking the paper, and filter; or, what is preferable, filter 
through asbestos, using a Bunsen pump. If the bulk of the filtrate 
IS too large, concentrate by evaporation ; nearly neutralize with 
amraonia, add molybdate solution, and allow to stand on a water- 
bath from 20 to 30 minutes; then put the beaker in a warm place 
for 2 or 3 hours. If the solution is nearly neutral, a complete 
prerioitation takes place. The yellow precipitate, aftei being thor- 
oughly washed, is dissolved in ammonia, the filtrate nearly neutral- 
i^Ked with hydrochloric acid, slightly wanned, and allowed to stand 
from I to 2 hours iu order to separate any silica which may be pres- 
ent. It is again filtered, if neoes&ary, luagnesia-raixture added, stirred 
vigorously, and allowed to stand until the sapen\atant fluid becomes 
clear. It is then filtered and ignited while still wet. Below are some 
comparative analyses, made in connection with chemfetsat different 
Bessemer xvorks, using the molybdate method, and veprecipitaHng 
with magnesia-mixture, Aa we have not these chemists’ permission 
we cannot give their names : 
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MjssoTin Fyrnacti Co 


Beb^raer Works 


0 112 
0 062 
0 145 
0 J3I 
0 098 


0 114 
0 053 
0141 
0 132 
0100 


In the method of determining phosphorus by weighing the yel- 
low piecipitate directly we find that the results obtained are too 
high* It ss an inteiestuig fact which we have note<l, that iu labora- 
tories wheie this direct method is generally usedj the double pieoipi- 
tation IS resorted to in cases of special importance. 

Sulphur Determination — In the determination of sulphur we gen- 
erally lihe Dr, T. M Diown^s methodj*^ and find it- very satisfactory 
Recently we have used with much success, on low-sulphur ii*ons, 
Elliotts method as described m the communication of Mr. Emmertoa 

Silicon Deienninedwn — Weigh out into a small-si^ed beaker from 
(* 5 to 1 gram of iron borings. Add from 8 to 1 2 c c. of water, and from 
1 to 2 c.c, of concentrated sulphunc acid, heat until effervescence 
ceases, then add from 1 to 2 c c of concentrated nitric acid and evapo- 
rate to dryness Moisten with concentrated hydrochloric acid ; add 
from 20 to 30 c c of water, boil until the iron salts dissolve; filter, 
wash three times with warm water, twice with boiling water containing 
5 per cent of nitric acid, and then twice with warm watetj and ignite 
without drying The average time for making a determination m 
from seventy-five to ninety minutes. The results obtained are very 
satisfactory. 

Manganese Determination — We use the method described by Mr. 
Fprdjt and find the results very satisfactory. 


J W Cabot, Johnstown, Pa * Carbon Determination — When all 
the necessary precautions are taken, the Eggertz coloi-test is doubt- 
less yery satisfactory and aeon late for carbon in rail-steel, but it may 
also give very wild reMiUs if these precautions are neglected. 

In dissolving the steel* if the acid is poured on in such a way as 
to l>econie very hot, there is danger of -a loss of carbon-color Some 
of the iron may also be converted into a difficaUly-boluble oxide. 
The^e two sotircses of error can be avoided by pouring the steel-bor- 
ings into the acid instead of the acid on to the steel, so that there will 
always be a large amount of acid with a small amount of undissolved 


^ Tmnmeaans^ vol u, p 224 


f Tf fffisaciians^ yto\ ix, p 397 
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st-eelj the di-^olvIng vefev«el being kept coo! bjslanclmg in wa^er. It 
does not seem to be of importance ^\hether the final di^^fsolving 
done at 90’^ or lOO'^ C , provided the time is varied correspondingly , 
the higher the heat used the less time being allowed In fact, a \ cry 
satisfactory wav, I have found, is to boil the acid solution gently 
over a lainp for about eight nuiuites This uiil insure the complete 
sobition of tlie carbide of iron, and in a mirnber of comparative 
trials has gi\en the same intensity of color as the same steel ebssnived 
at a lower temperature and in longer time. The fact that the car- 
bide and oxide of iron sometmies dissolve vith difficiiltv is another 
source of error. It is desirable to filter the solution before compar- 
ing, to free it from suspended sihcja 

In regard to the amount of steel taken for analysis, it would seem 
that It should be at least 0.5 gram, for the reason that slight inac- 
curacies ID the weighing and subsequent treatment would not so 
largely appear in che result as they would if only 0.1 gram, or 
0 2 gram \vas taken If a full gram is used the possible error is di- 
vided by ten ; and this is no mere distinction without a difference, 
for the fact must he considered that this kind of work is done, and 
must always be done, by persons who are not analysts. 

Judging the color of the solutions by means of a rack of graduated 
standard solutions ]«, I think, more rapid and more convenient than 
coinpariog with a standard steel dis^d ved each time. In order to u^o 
the latter metiiod it is necessaiy, in extensive practice, to have a large 
piece of steel standardized, and, if it is true, a^ I presume will not 
be dis^piited, that the carbon content of different parts of a large 
piece of steel — Chpocially Bessemer steel — vane- as much as 0,02 per 
cent , the standaul itself may introduce such an error into the esti- 
mation Ofcour.se it v\ ould not do to take the average carbon content, 
unless it were possible to use, with every ^et of estunatione>, standard 
borings which would be a fan average ‘-ample By \vorking with 
standard solutions this difficulty can be obviated in part, because a 
much smaller, and presumably more homogeneous piece ot snteel may 
be used as a standard. If sufficient care is taken in the preparation 
of the fixed standard, so that it remains fixed, or is corrected before 
it gete more than O.OI per cent from the truth, this latter method 
seems to be even mbre accurate than the other 

By having a series of colors made, as Professor Eggertz buggests, 
vvith inorganic solutions, graduated to every two-hundredths of a pcj 
cent, from 0.20 to 0.50 per cent, and testing the permanency of the 
colors by means of at least two small standard steels, at stated inter- 
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vals. and observing all the eondition^^, carbon estinmtiOD^j accurate 
to 0 01 per cent , <^an doubtless be made with great facilit}. 

Manganese Befemuython , — The following method for the estima- 
tion of manganese, given soraeuhat m detail, has proved lo a large 
noniber of cases to be very accurate and satisfactory 

One gram of steel dissolved in 1 5 c c of nitric acid fsp. gr* 1.2) In a 
small beaker, evaporated to about 10 c c , then diluted and poured Into 
a large flask and further diluted to jd3out 750 o c. Icetate of soda 5s 
added till the solution becomes deep rtd ; then, about as miush more 
of the acetate This is boiled a minute, and the precipitate allowed to 
settle, the flask being laid on its ‘^ide The clear liquid is poured 
through a large plaited filter, and the piecipitate dissolved m 15 c c* 
of nitno acid, and a second separation made, the whole contents being 
then thrown on the filter; ammonia is added to the filtrate until 
them is a distinct precipitate, and ^hcn bromine- water (4 to 5 c,c ), 
drop fay drop After standing a few minutes the boKition is heated 
to boiling, being ooDstautlv stirred to make the precipitate collect, 
and bromine*water added at interval^?. After boding five minutes 
the lamp is placed at one side, which causes the precipitate to roll 
into a ball on the other side of the beaker, which allow^s the clear 
filtrate to be siphoned off and the precipitate to he washed veiv 
thoroughly with hot water. If the filtrate shows no yellow tint it 
i& entirely free from manganese. 

Of man\ tests made of such filtrates no instance of manganese 
lemaining in the solution has been found. This precipitate wnll eon- 
ten, besides the mixed oxides of manganese, invariably traces of 
oxide of iron and silica, and sometimes traces of cobalt and nickel 
Bat, as the last two beldom occur m weighable quantities, the pre- 
cipitate need only be corrected for iron and silica After igniting at 
a heat approaching whiteness for fifteen minutes, and weighing as 
Mnj 04 , it IS dissolved in hydrochloric acid, the chlorine boiled off, 
acetic acid (ov acetate of ammonia) added, and the iron precipi- 
tated With ammonia, and filtered off with the silica. A trace of 
manganese is often tlirown down with the iron, so that it mui>t be 
dissolved on the filter and again precipitated and filtered on to 
the same filter, washed, ignited, and wmtghed. When this is sub- 
tracted fiom the gross weight there is left the true weight of 
If nickel and cobalt are present, in weighable quantities, they must 
of course be estimated and subtracted from the first weight. The 
method is not as. rapid as could be desired, requiring three or four 
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hoots for completion, thougli a dozen estimations may be made in a 
day. 

Flwsphorus Determimhon — For ordinary rail-steel,. I think a 
very good way is fo take 1 gram for analysis, as more than this gives 
so large ii hulk of precipitate that it is not conveniently washed. In 
precipitating I think it advisable to use a large excess of molybdate 
solution, and allow it to stand at least three hours, at a heat of about 
90° C. Instead of brushing off, or igniting the phospho-molybdate, 
it seems to me preferable to diy and weigh the filter and precipi- 
tate in a light- weighing-tube with ground-glass cover. Duplicates 
done in this way should not differ more than 0.002 per cent. 

F, P. Dewey, Washington, D. 0. j Carbon DiiermiruiMon . — ^For 
the rapid estimation of carbon I usetheEggertz color-test with a sin- 
gle standard prepared from caramel, the color corresponding to 0.0 1 
per cent, per cubic centimeter on a gram. The solution of steel is 
prepared in the ordinary way at a temperature of 87° C., and the 
comparison made, when solution is complete, as rapidly as pos- 
sible, with a minimum exposure of the apparatus to the light. Al- 
though I have used this method a great deal, I am not thoroughly 
impressed with its accuracy, but its rapidity recommends it highly 
where a great many determinations are required daily. My lack of 
confidence in the method arises from an occasional anomalous result, 
and also from the lack of agreement m the results obtained by differ- 
ent chemists working on the same sample. Mr. Troilius and others 
claim that results accurate within 0.01 jier cent, can be obtained ; this 
I doubt very much, and even if such accuracy can be obtaiiieil, it is 
not the rule. My own experience, and-the recorded experience of 
others, show that it may give percentages widely different from the 
truth. On the other hand, when working on one class of steels of 
nearly the same percentage the results are strictly comparable, though 
not always as close as 0.01 per cent, j and this fact, combined with its 
rapidity, eminently fits it for a steel-works’ method. I do not wish 
to be considered as condemning the method, but T am convinced that 
the accuracy claimed for it has been over-estimated, and that its 
proper function is simply to control at the works. 

The following are results in my possession obtained by the chem- 
ists of both English and American steel-works. 
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Steel No 1 

(Same sample throughout ) 
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010 
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steel No 2. 

(Same sample throtighout ) 
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[089 

045 

044 
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044 

Steel No 2 
(Another sample ) 
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1 






When the greatest accuracy is required I muck prefer to dissolve 
the steel in am monio-ciipric chloride, and burn the residue in oxygen 
gas in a porcelain tube. This is necessarily a longer process^ but 
when a number of determinations are made at once, only a small 
amount of time is consumed by each determination. 

Deiermncdion — I have two methods for phosphorus, 
depending upon the time in which a result is required. For con- 
trolling the run of the works I proceed as follows: Not less than two 
grams are dissolved ia nitric acid (sp. gr 1.2), with the addition of a 
small amount of dilute hydrochloric acid, and the solution evapor-^ 
ated to dryness. When thoroughly dry the residue is heated to 
120*^ to 130"^ 0. for an hour and a half This residue is gener- 
ally considered as insoluble m nitrie acid, but in the last three 
years I have never once failed to bring it into solufcioi> by adding a 
moderate amount of strong nitric acid (sp. gr. 1.4), covering securely, 
and warming gently for ten to twenty minutes, according to the 
amount of steel taken. After solution, the excess of acid is evapor- 
ated off until a thick syrup is obtained, which is diluted sufficiently 
and filtered. The filtrate is treated with ammonia until a slight per- 
manent precipitate is formed, the necessary amountof a niti'ic acid solu- 
tion of molybdie acid is added, and the whole kept warm and agitated 
occasionally for two to three houiB^at the end of which time the pre- 
cipitate is filtered off and weighed. It has been my plan to filter 
tbroagh counterpoised filters, wash with water containing! permit, 
of nitric acid, dry at 120® C., and weigh ; but since the introduction 
of the Gooch filtering crucible I have been very much pleased with 
its working, and propose, in the future, to filter through that, and 
avoid all weighing of paper. In the case of steels low in silicon, 
especially soft steels, the evaporation to dryness may be omitted, by 
which means the process is very much shortened. The second 
YQi X.— 13 
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method all()ws the raolybdic precipitate longer to separate^ and the 
fluid is kept warmer. After filtenugj the precipitate is dissolved in 
.animoaiUj and the phosphoric acid piecipitated by inagiiesia- mixture 
and ammonia The time allowed for this precipitate to separate is 
dependent ill a great measure upon the amount of agitation which 
can he gi\en the fluid. With a great deal of agitation it may safely 
be filtered m three hours, and I suppose with constant agitation it 
might be filtered sooner. I regard the second method as much 
more accurate than the first, the objection to the first being the 
liabilitv of incomplete precipitation of the phosphorus from the luck 
of sufficient heat^ or, what is moie common, the precipitation of free 
moI\ hdic acid from an excess of heat. 

Silicon Ddcrminaiion , — I have been in the habit of dissoUnng in 
aqua regia, evaporating and separating in the usual way, and fusing 
the residue with mixed carbonates, but I have recently trie4 the 
nitric and sulphuric acids method of Dr. T. M. Drown, and propose 
to adopt it permanently 

^Icmganf'^e Deierminatiou . — I use the method given in Mr.Kent^s 
paper at the Staunton meeting, under Chemist I. It is as fol- 
lows: slight permanent precipitate is formed in the solution 

by sodium carbonate, then 4 o.o. of acetic acid (sp. gr 1.04) added 
for each 500 c.c. of final solution. As soon as the precipitate is dis- 
solved, the solution is diluted with hot water to 500 c.c. for each 0.5 
gram of iron or steel. The solutiou is then brought to the boiling- 
point, wdien the requisite amount of sodium acetate is added, the 
whole is boiled for a few moments, and allowed to settle. When 
nearly dear, as much as possible of the solution is poured through a 
ribbed filter, boiling water is added to the precipitate, and the whole 
again brought to the boil, when it is allowed to settle, and the solution 
poured through the filter. It is washed again twice by decantation, 
with the addition each time of 0 5 c.c. of the same acetic acid ; the 
precipitate is then brought on to the filter and washed with boiling 
water until free from chlorides. The filtrate is allowed to stand on 
the steam-bath over night. When dry, the residue is taken up in 
water with addition of about 1 c.c. of acetic acid. By this process any 
iron in the filtrate will be left undissolved, and can be filtered off. 
If I am in a hurry (instead of evaporating to dryness) I add a little 
sodium carbonate solutionf and evaporate to a suitable volume; the 
manganese is then precipitated with bromine The man- 
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gane^'e is filtered off' and weighed . * The anjoiint 

uf alktiu that it coutiiDS is very smalh and when the pereentage is 
under 2 ^ the er^'oi from that vM^e xb too «maH to be coij-^ideicd^ I 
made a scries of on that: ^-.ubiect by weighing tlie manganese 
first as Mn304ai)d then as and found mat up to 2 per ceub 

the difference was very ^malh” 

While the results gi\en ui Mr Kent^s paper s^em be strongly 
agaiiuf the method, I am yet to be convinced that thcte i® a Uni- 
fouiiiv better method, I have tned the prec'pPation of manganese 
bv pota.-smm chlorate m sirong n»tric acid solution, and am quite 
iavoiubly impi'csGed with but I am not familiar enough with it 
yet to ej.prcs* a dee.dec! opiiilon In regard to the pie^ipitation of 
manganese by ammonia and bromine combired, in theptesenee of 
amD36tiTacaI sak'^, I mav say that I ha'^e used that process for the 
estimation of the small araounts of raangaiiefee oceiimiig in many 
native silicates \Mtb cAcelkut lesults 

Sufj)hm Dei^rminatim — have two metliods, a lapid and a slow 
one. Whefi in a Jiurry I dissolve five graois or more of steel in 
hydrodiJonc aeid^ and pass the gas thiough an ammoniacal soliitiOB 
of cacirnic sulphate. As soon solution is effected tbeacid ib boiled, 
and the evolution flask is filled with boiling water The caclmm 
sulphide precipitated is then filtered off on countei|>oised filters, 
washed first with water contammg aoirnouia and then with water, 
dried at 100® C., and weighed This is not a rigidly esa(?t method, 
but as results can be obtained in two or three hours it ius its advan- 
tages, When accuracy is requiied I use the raetSiod of Dr T. 
M. Diown,*^ the steel being dissolved in hydruehionc acid, and the 
gas passed through potassic permanganate, and the sulphur precipi- 
tated as banc sulphate. For this process I keep a sepaiate bottle of 
acid and one of potassic peimanganate, in which I determine the 
amount of sulphuric aoid, and always apply the soltable correction 
to the analysis I have seen the bromine pmcess used with very 
satisfactoiy results Of all the m€tlio<ls described by Mi, Troihus 
it seems to me that his method for sulphur is the only one open to 
very venous obje(*tion, and the preoipitation of a small amount of 
banc sulphate in the presence of a large amount of iron certainly 
IS a very grave objection. I have frequently had eonsiderabJe trouble 
m freeing banc sulphate from iron where the propoition of iron 
to sulphate was mudh less than in this case, even when u»mg much 
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Tnor<^ than ^^soirie drops oF hydroehlorio acid” in the wash^waterj 
and wa^^hinf many trmes by decantation, 

J. B. Hackintosh, Hoboken, N, J. : Carbon Determwation — 
Since f never have enough steels at one time Fur analysis to render 
it wrifh vkh'le to prepare standard solutions, T use the combustion 
meil’cd. Tvro grams of the sample are treated with a concentrated 
solution of cupncchloride, with theaddition of enough ammonia to pro- 
duce a permanent piecipitate; and, finally hydrochloric acid is added, 
and, if necessary, more copper solution to dissolve the precipitated 
copper. The solution is filtered through an ordinary small funnel, 
loosely stopped with asbestos, and washed with hydrochloric acid 
and water as usual. The filter is then dried in an air-bath, \VTien 
dry the asbebtos, with most of the carbon, is placed in a platinum 
boat, and the carbon which remains attnehed to the side of the funnel 
IS collected together by a small bunch of slightly moistened asbestos 
and addled to the rest. The combustion is performed in a stream of 
oxygen, and the resulting carbonic acid is absorbed by soda-lime. 

PkosphoruLs Determination. — I dissolve, according to the s^ample, 
from 2 to 10 grains of steel in a mixture of nitric and hydro- 
chloric acid on a sand-bath, boil the solution with occasional addition 
of hydrochloric acid dil.all the nitric acid is destroyed, and evapo- 
rate to dryness. The residue is then rcdissolved in by<lrochloric 
acid, water is added, and solphiiretred hydrogen passed into the solu- 
tion tdl the iron is reduced to the ferrous condition. ] n order to do this 
it is necessary that the nitric arid should have been perfectly expelled, 
for otherwise the sulphuretted hydrogen will be decomposed, with 
separation of sulphur, a little nitric acid acting as in the manufac- 
ture of sulphuric acid, being continuously destroyed and as contin- 
uously regenerated. By this operation any arseoic which may be 
present in the solution will be separated as sulphide, and will not be 
present with the phosphorus in the subsequent stages of the process. 

The solution is then boiled to expel the excess of sulphuretted 
hydrogen, and without filtering oft' the sulphur and sulphide of ar- 
senic, if present, a few cubic centimeters of permanganate solution 
are added, and then ammonia in quantity sufficient to precipitate all 
the feme oxide in the solution, and with it all the phosphoric acid.^ 
This precipitate is filtered as rapidly as possible, and without washing 
is dissolved in hydrochloric acid, and the sulphur, etc., filtered out. 

^ 1 bav« since round that small qtipiitities of phosphonc acid pass into the ftK 
trate, which may be n-»gamed by repetitions of the precipitations. 
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Nitno acid is then abided fco the solution, which ib boiled to pen>;dchze 
the iron, arnl then ammonia, and the filtered precipitate, once washed, 
3S dissolved in nunc acid* This solution is, if necessary, eoncen- 
tmted to about 50 c.e,, and the solution of molybdate of ammonia 
IS then blown forcibly mto it from a pipette, which will prevent the 
precipitation of the molybdic acid* 

The molybdate solution used is made by cli&soivnig about 130 
gmmt> molybdate of amnaoma m lOOOc-a water, with tbe addition 
of a little free ammonia* Ten cubic centimetei's of a solution of 
this stiTngth should precipitate about 0*02 gram of phosphorus 

The solution is then heateil, though not to boiling, is removed 
from the source of heat and ammonia gradually added till the yel- 
low precipitate forms , then, if any iron has been precipitated^ it*LS 
redissolved with nitric add in slight excess After standing on 
top of the air-bath for 3 to 4 hours it is filteretl and waslied with a 
soiiition of nitrate of ammonia slightly acidified with mtric acid. 
The filtrate is allowed to stand over night, with frebii addition of 
molybdate solution m case the precipitation has not been complete* 

The precipitate, after having been thoroughly washed, isdibsolved 
in ammonia* Any iron which may be present is dissolved in hy- 
drochloric acid and a few drops of citric acid, and the solution made 
alkaline with ammonia and added to the mam portion. The solution 
IS allowed to stand for an hour, then filtered, and magnesia-mix- 
ture added, and the precipitated ammonSum-magneaium-phosphate 
treated as usual 

Sulphur I determine in the same manner as Mr, Troihus| man- 
ganese by acetate of soda and bromine ; and silicon by the aqua re- 
gia method. 

Benjamin B. "Weight, Pittsburgh, Pa.. A Volumetno Method 
of Estimating PhoBphortm. — Three grams of steel, or less, are dis- 
solved m 30 C.C of nitne acid (sp. gr. 1,2), the solution is dried 
on a sand-bath, and heated till no more fumes are given off, in 
order to destroy any organic matter* The dried mass is then dis- 
solved in strong hydrochloric acid, and the solution evaporated to 
small bulk by boiling The boilmg will change any pyrophospborle 
acid, formed by theheati ng, back to the ordinary phosphoric acid The 
solution of iron is allowed to cool and a strong solution of ammon- 
ium nitrate added. This solution is made by dissolving 600 grams 
of chemically pure ammonium nitrate m water and diluting to a 
liter; 10 c*c. of this solution are added for each gram of metal 
originally taken. 
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The solution of iron is then filtered mto a beaker and about 15 
c 0 . of water are added. The solution ife now ready for precipita- 
tion, I have found that the above large amount of ammonium uh 
trate insures the precipitation of all the phosphorus, notwithstanding 
the presence of h^cbochioric acid in the solution. The solution is 
then heated on a nater-hath to between 75*^ and 85^ C , and the phos- 
phoric acid precipitated by the addition of from 20 to 25 cc. 
of a nitric acid feolutiou of amriionium molybdate, made aecoiding 
to the formula m FrGseniLi&’& Analysis. The solution is kept at the 
above temperature for one hour, when the piecipitation will be eom- 
pletc. Ic ife unportanfc that the solution be kept between the above 
limits of temperature, as a lower temperature than 75^^ C. will not 
complete the precipitation m an hour; while a higher temperature 
than 85^^ C will precipitate nio!}'bdic acid. The yellow precipitate 
iS filtered off and washed with a six percent solution of ammonium 
nitrate till free from iron. 

The precipitate is then dissolved in dilute ammonia, and the solu- 
tion transferred to a flask, 60 c.c of dilute sulphai ic acid are added, 
and from 5 to 10 grams of granulated zine, and the solution boiled 
hard for 30 minutes. The action must be vigorous to insure the com- 
plete reduction of the niolybdic acid, and if the zinc is all dissolved 
before that time more must be added. At the end of the thirty 
minutes the reduced solution is poured off from the zinc, if it is not 
all dissolved, and titrated directly with standardized potassium per- 
manganate solution, and the amount of phosphorus in the steel cal- 
culated directly fiom the number of cubic ccntifueters of perman- 
ganate usedt 

The solution when ready for titration is ulmoot black from the 
sulphate of sesquioxide of molybdeiuira formed by the reduction 
of the molybdic acid, but on the addition of the permanganate 
tlie color is entirely discliarged, and the usual pmk end-reaction of 
tlie permanganate can be clearly seen 

I have found by careful analyses that the precipitate made by the 
above method is of absolutely uniform composition, and that the 
amount of phosphorUvS in it is 1.54 per cent of the amount of mo- 
lybdic acid ; so that if the molybdic acid in the precipitate be deter- 
mined, the amount; of phosphorus may readily be calculated from it. 

In standardizing potassium permanganate for this analysis iron 
wire is iv^ed. According to Wernike,*^ the iron standard multiplied 


^ Fro^^eTinifi*^ ZeitscliTift, xiv, p 1. 
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by .903 equals the molybdic ?eid standa^J • auJ from my analyses 
the amount of molybdic acid in the p^-ec pnate, multiplied by .0154, 
equals the phosphorus in giams. Then by multiplying the amount 
of iron repreteuted by 1 c.c of the permanganate by the piodtict 
of these two numbers { 0139) the amount of phosphorus represented 
by each cobsc centimeter is found The permanganate should be of 
such strength that 1 c.c equals about 0075 grams of non, then 
1 e c. r^ill represent about .0001 gram of phosphorus. 

In making the analyses on which the above figures are !)a^ed I 
determined the phosphorus m the yellow precipitate by the n*-ual 
magnesia-mixture, with the necessary precautions to avoid the pres- 
ence of molybdic acid in the pyiophosphate of rnagnesla, and in the 
filtrate from this precipitate determined the molybdic arid volumet^'i- 
cally 

Three hours and a half are generally required to complete an 
analysis for phosphorus in steel by this method Pig irons recpiire 
about fifteen minutes more on account of the diificulty of filtering 
the solution. The time on an analysis of steel is divided about as 
follows : 



Hours 

Minutes, 

Weighing, dissolvingj and transferring to di^h, 

. 0 

15 

Drying, 

. 1 


Disso! ving, adding ammonia nitrate, and filt ‘ring, 

0 

16 

Precipitation, 

. 1 


Filtration and washing 

. 0 

15 

PeduGtion, ... 

0 

SO 

Titration, . . 

. 0 

5 


3 

20 


I have made two analyses for phosphorus by this method, carrying 
on the operations together, in 3 hours 35 minutes. 

In conclusion I can give the following results of eornpaiative an- 
alyses which I have made, those in the first series being made by the 
use of molybdic acid and double precipitation, the phosphorus being 
deter mined as magnesium pyrophosphate; those in the second series 
being made by the above volumetric method : 


Iro»s fuld Steels 
No. 1, 

3, 

4, 

5, 
e. 

7, 


By Gravimetric Analysis 
.070 
085 
,087 
*071 
,086 
.024 
135 


By Volumctnc Analysis 
.070 
084 

054 
070 

055 
028 
125 
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The following analyseb were made by my assistants : 

8 , . . ,067 083 

9 , . . . 032 031 

10 , . . .103 152 

F, A EMMEEroN, Johetj Illinois, — Ihi? following are the methodb 
used in the analysis of steel m the laboiatory of the Joliet Steel 
Company • 

Cal bon Determination. — ^One gram of steel is used for each test, 
the drillings being put in te^fc-tubes 8 inches long, and 1 inch 
diameterj set in a suitable rack ; 15 c.c. of nitric acid (sp gr, 1 2), 
are run into each tube from a pipette, the tubes in the rack being 
partly immersed in cold water to prevent the reaction being too viO' 
lent. The tubes are closed loosely with glass bulbs? a httle larger 
than the mouth of the tubes, and are s^i m a \\ater-bath kept at 
C. for a half hour. The rack conraining the tubes is then set in a 
pan of cold water to cool the solutions, which, in a few minutes, are 
fihered through 3|-inch filtei's into a set of tebt-tubes, 5 inches long, 
and as near Ob possible | inch diameter. The colors are then com- 
pared with a set of standard eoloip, conesponding to every even 
hundredth of a per cent.* rajiging fiom .16 per cent, to .44 per cent. 
The standard colors, of course, are kept in tubes of the same size as 
those into which the solutions to bo tested are filtered, and are made 
from a mixture of the solutions of burnt coflee and caramel m alcohol 
diluted with its own volume of water, and are fotiod not to vary more 
than .02 per cent, in a month. They are renewed generally every 
three or four weeks, oftener in summer, and less often m winter* 

Tests showdug more than .44 per cent, carbon are made by dilat- 
ing to half strength with water, and eomparing with staiidaid colors, 
doubling the readingb obtained. Tests showing less than .16 per 
cent, carbon are made by comparing in graduated comparison-tubes, 
with a diluted bolutiou of feteel, the percentage of carbon in which 
has pi eviously b^^en determined by comparison with the standard 
colors, 

I prefer using one gram of steel for the tests to a smaller amount, 
as the euor from dirt in the drillings and from careless weigliing are 
rendeied less in effect. On account of the length of the tubes in 
which the solution takes place, ami their being stoppered with glass 
bulbs, loss from evaporation amounts to nothing, and the filtering 
of the solutions doe& away with an error caused by fine scale in sus- 
pension, 

Siheon Dderminaiion . — The method is essentially that of Dr. T. 
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M* Drown, though th^ solution is made at once in a mixture of 1 
part concentrated sulphuric acid, and 4 parts uilnoacid (sp. gr. 1,2) j 
20 c c- of this mixture suffice for the solution of 1 gram of steel* 
The watch-glass ts allowed to remain on the disli, which is pushed 
on to a hot part of the sand-bath, where the solution goes down to 
dryness in loss than fifteen nunutes. The watch-glass prevents loss 
from spattering, and by so doing aliawb the solution to be boiled 
down in less time than it could be brought to dryness otherwise* 
Determinations made in this way can be completed m icsi than 
forty-five minutes with the use of the filter-pump^ which 1 use m all 
filtrations. 

Sulphur Ddermmcdion. — The method used for sulphur is that of 
A. H, Elliott,’ Five grarn«^ of steel are dissolved m about 80 c*c* 
hydrochloric acid fl in 2), in a 300-c,c, flask* The evolved gas is 
led though a solution of pure caustic soda free from sulphides, which 
absorbs the sulphuretted hydrogen a& sulphide of sodium* About 
40 c.o. of the caustic soda solution (1 in 5) are used, and it is ar- 
ranged m bottles or tubes, in such a way that the gas bhall bubble 
throtjgh it at least twice. 

The steel may be dissoive<f quite rapidly without fear of any sul- 
phur passing the caustic soda nnabsorbai The solution m the flask 
is brought to boiling, and as boon iib the steam rises to the stopper 
the Same is taken away, and air is aspirated throngli the apparatus 
for a few minutes. The caustic soda is washed oat into a 500-c.c. 
beaker, and made up with cold water to 200 or 300 c,c* It is then 
acidified with strong hydrochloric acid, which liberates the sul- 
phuretted hydrogen retained in solution by the large excess of 
liquid present. Starch solution is added, and the sulphuretted hy- 
drogen titrated with a standard solution of iodine, each cubic cen- 
timeter of which equals about ,0005 gram sulphur. 

If much sulphur is present the liquid takes on at first a reddish 
color, due to the finely-divided separated sulphury but at the end the 
blue color of the iodide of starch comes out plainly, and the titration 
may be stop^ied accurately with the last drup. 

The Iodine solution Is made by dissolving 5 grams of iodine with 
the aid of 7 grams of potassium iodide in a little water, and diluting 
to a liter* Its strength is found by titrating against a hyposulphite 
§oUitJon of known strength. The latter Is made by dissolving 25 
grams of hyposulphite in a liter of water, to which about 2 grams of 


> Chemical News, vol. p. 6t. 
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ammonium carbonate are arlded to prevent tlie solution from chang- 
ing, The stiength of the hyposulphite solotion once ascertained, it 
IS a simple matter to find the value of the iodine sointion at any 
tima The hyppsulphite solution may also be standardized, as sug- 
gested by Elliott, by means of a solotion of potassium bichromate 

The hyposulphite solution prepare*! as described may be relied 
upon to retain its strength without essential change for several 
months at least j and the iodine solution does not need to be tested 
oftener tlmn once io three or four weeks if kept properly stop- 
pered, The testing of the iodine solution, however, need not take 
moifi than five minutes. 

The caustic soda used for absorbing the sulphuretted hydrogen 
bhoold be free from sulphide, and may be readily tested for its pres- 
ence by acidifying some of the solution, adding starch as in regular 
titration for sulphur, and then adding a drop or two of the iodine 
solution If the caustic soda is free from sulphide, the blue color 
slmnld be formed and remain after the addition of the first drop. 
There is, howev^er, very httic difficulty in obtaining caustic soda 
which will stand the above test. 

This method is botii accurate and rapid, and very satisfactory in 
Tise, for ill duplicate determinations it invariably gives the same re- 
sults, agreeing to the third place of decimals I have compared this 
method with one described bv Fresenius,'^ which, he says, agrees 
perfectly with the acetate of lead method It consists m passing the 
gas evolved from the solution of steel in hydrochloric acid through 
a sufficient quantity of a solution of bromine in strong hydroclilorio 
acid This solution of bromine oxidizes the sulphur completely to 
sulphuric acid. The biomine is subsequently boiled off, and the 
greater part of the hydrochlorio acid evaporated, the residue diluted 
with hot water, and the sulphuric acid precipitated by barium chlo- 
ride, I obtained the following results m comparing the two m'ethodb • 


Sample 

EUiott’s todine 

Method 

Fresenlns'R Broinino 
Method 

No 1, 

, 309 Sulphur, percent 

290 Sulphur, per cent 

2, 

089 

091 

3. 

070 “ 

074 

h 

008 

,007 

If there if 

3 an error in this method it is one 

inherent in several 


methods in common use, and that is a slight loss due to the sulphur 
wWh remains in the solution, and in the insoluble residue in the 


* Fretenius’^ Zeitscbnft, vol xin, p 87, 



DISCUSSION ON ANALYZING RAIL-STEEL. 


20S 


flask. This error^ ho%\ever, is inconsiderablo^ and not as great as 
is likely to arise from impurity of the barium sulphate \h methods 
depending on the precipitation of the sulphur I>y barium chloride. 
The method requires very little attention and may be completed 
ID half an hour, though in laboratory it generally takes about 
forty-five niunites to carry out a determination from beginning to end, 

Phospho7^us Deiertnination — 10 gT'anss of steel are^ dissolved in 
about 150 c.c of nitric acid (-p gr 1.2) in a beaker of about 80D 
c.c. capacity. After a few nn notes the beaker h pushed on to the 
hottest part of the sand-bath, the cover taken off, and the solution, 
boiled down todiyness in less than an hour The beaker is kept on 
the sand-bath fof about a half hour longer, then taken off and cooled, 
and sufficient strong hydioehlorie acid added to dissolve the dry 
mass. The beaker is set on the sand bath again, heated near boding 
for a few minutes, and affer complete sedution, diluted with two or 
three times its volume of cold water The acid is now completely 
neutralized with strong animotiia, the precipitated oxide of iron dis- 
solved In a slight excess of strong nitric acid, and about 80 cc. of 
molybdate solution added. The beaker is set away in a warm place 
for at least four hours. The yellow precipitate is caught on a filter, 
washed with dilute molybdate solution and dissolved in ammonia 

in 4). A small beaker^ is set under t!ie funnel containing the 
precipitate, some dilute ammonia is poured on tQ the filtei and then 
a hole is punched through the point of the filtei and all its contents 
washed into the beaker by means of more dilute amraonfia contained 
m a small wash-flask. A slight excess of magnesia-mixture is then 
added, and the beaker set away for two hours at least. The precipi- 
tate IS then caught on a filter, slightly washed with dilute ammonia, 
and dissolved in hydrochloric acid {1 in 2), the sojution in this case 
filtering through the paper into a besaker in which has been placed 
a small pinch of citric acid. The filter i" washed two or three times 
with hot water, and the filtrate neutralized with strong animoniii, 
and then one-third of its volume of strong ammonia added. The 
beaker is set aside for at Iea.st four hours, ami eventually the precipi 
tate collected on a filter, which is thrown wet into a weighed platinum 
crucible, in w^hich it is ignited. After the filter is burnt the precipi- 
tate is treated with a drop or two of nitric acid, which leaves the 
pyrophosphate perfectly white. This method may be carried out 
accurately in twenty-four flours, and never requires more than thirty 
hours for its cotnplotion. 

Mavganese Deter'rrhinaiion — The manganese method is essentially 
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ta-t described by Yolhard," and tested by Alexander E Hasv/eH ^ 
I use the method in the followin^j; way * 1 2 giams of steel are dis- 
solved in a porcelain dish with 26 cc. of a mixture of 1 part con- 
centrated sulphunc actdj and 4 pans nitiic acid (sp gr 1 2) Boil 
dowHp with the co\er on the dish, on a hot place on the sand-bath, 
and heat 2 minufes, while white fumes of sulphuric acid are given 
off^ to destroy carbonaceous matter Dissolve in a httlo hot water 
taking care not to leave any basic sulphate of ircm undissol ved Wash 
into a drisk graduated to hold S0() o,c., and add to the solution zinc 
oxide held in suspeosiou m water After each addition of the zinc 
oxide the flask is shaken^ and then allowed to stand a few seconds* 
As soon as all the acid has been neuti^alized by the zinc oxide, 
the precipitate settles readily and leaves a supernatant liquid which 
IS not at all clondy. The iron then is completely precipitated in com- 
bination with zinc oxide, and all the manganese remains in solution. 
After cooling the flask, which dm mg the neutralization gets some- 
what heated, the contents are diluted wuh cold watei to the mark. 
The !i<imd is then thoroughly mixed by pouring from the flask into 
a beaker and back again, once or twice, and is then filtered through 
a ribbed filter into a dry beaker 200 e,c of the filtrate are drawn 
out with a 200 c,c, pipette, and transferred to a flask holding about 
400 or 500 cc. This quantity contains two-tbirds of the manga* 
nese in the steel taken for analysis, Thp result, consequently, is 
reckoned on ,8000 gram of steel 

The liquid is now ready to be titrated with permanganate of pot- 
ash, the reaction which takes place being as follows : 

3MnO+MnP7 = 6MnO, 

A permanganate solution is used, each cubic centimeter of whieli 
precipitates about 00 10 gram of mangane^^e. The solution in theflask 
IS heated nearly to boiling, taken away from the heat, ami one drop of 
strong nitric acid, or two drops of acid of 1.2 sp. gr*, added. Per- 
manganate IS then run into the flask in quantity nearly sufficient to 
complete the j>recipitation of the manganese, Tlie flask is well 
shaken for a few secoods to facilitate the settling of the precipitated 
MnOj,, which collects in large flocks that readily sink to the bottom. 
As long as any manganese remains un precipitated^ the supernatant 
liquid Will be colorles*?* As the titration nears the end, however, 
it will be found that the permanganate does not lose its color at once, 

» Liebig*s Annalen, No 198, p Fresenius^s Zeitscbnft, vol xx,p, B71* 

j- Bingler’s Polytechnisches Journal, No 235, p, 387. 
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and that the flask has to be shaken a little longer than at first to give 
time for the reaction to take place. When all of the manganese is 
precipitated, and a drop of permanganate remains in excess, its pink 
color IS readily seen, and remains unchanged in the liquid for some 
minutes. If too much time has been taken for the tUmrion and 
the liquid has got too cool, the preeipitared MnO» does not collect 
readily, and it is necessary to heat the flask again, nearly, but not 
quite, to b(jilnig. 

Tlie drop of nitric acid added before beginning the titration fa- 
cilitates the precipitation and collection of the MnOi in case there is 
a small amount of organic matter present, which has the effect of 
producing a turbidity which renders difficnlt the determination of 
the end-reaction. One drop of the acid obviates this difiSculty, but 
more than two or three drops does more harm than good, as it pro- 
longs the reaction to such an extent as to make the process tedious 
and uncertain, 

I prefer to get at the strength of the permanganate in the ordi- 
nary way, by standardizing it against iron wire. When its strength 
in terms of iron Is multipiied by its strength in terms of man- 
ganese is given 

I have been unable to obtain commercial zinc oxide which, when 
treated as in the regular course of the analysis, does not use np per- 
manganate. J have, accordingly, bought the commercial zinc-white, 
dissolved it in nitne acid, or hydrochloric acid, making a neutral so- 
lution, added bromine, filtered from precipitated MaO„ and other 
impunfies, nnd then precipitated the zinc oxide with ammonia, sub- 
sequently washing thoroughly by decantation with distilled water 
The zinc oxide held io suspension is then kept in wide-mouth bottles 
for use. 

Volhard givet^ figures which prove the accuracy of this method, 
as does HaswelL Their reaultsshow that it is as accurate for high as 
for low percentages of manganese. 

I deterinmed manganese by the acetate and phosphate method tn 
a piece of steel, the mean of two closely agreeing results being 1.72 
per csenk By Volhard^s method I obtained from the same drillings 
1.71, 1.69, 1.74. Closer agreement than this in repeated determina- 
tions may be obtained after a little practice with the method* is 
shown by the following results obtained from one set of drillings: 
2.13, 2.13, 2.15, 2.13, 2.16, 2.16, 2T5- 

It is quite necessary that the carbonaceous matter in the solution 
of steel should be destroyed by heating while snlphunc acid fumes 
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ftre given off^ othervvise the results obtained will be too high^ but 
tije ato've method of treatment obviates tliis difiiciiltj entirely. 

earned out in my !aboiar(/iy the method leqoires about forty- 
five minutes for a complete detr^rminatmc. Conect results have been 
obtAined hy it m foi ty minutes ^ fortj -five minutes, however, is ample 
time 

Siiicun and manganese may sometimes be determined advan- 
tagooubly from the same sample of steel, the filtrate from tiie sihca, 
before yashuig with h)/diochiorie acid, being used for the manganese 
determination. 


THE USE OF HIGH EXPLOSIVES m TEE BLAST FUBX ACE 

BY T F. 'VriTBEBBEE, POUT HENBY, K, T. 

In a paper read at the Lake Ruperior meeting, August, 1880, an 
necouBt was given of tho bucce'^sfiil use of Rendrook and Monaky 
powder upon a scaiffoid and salamander in the furnace. On April 
5th. 1881, the same trouble called t'or like treatment, which, though 
not so immediately successful, \va« on tfie whole more uistiuctive 
than the first trial, and points, I trust, to a reasonably sure remedy 
for all such difficulties. Up to December 4th, 1880, foundry and 
mill iron were made from Old Bed and New Bed magnetite, and 
Kearney red hematite, when a return was made to Bessemer iron, 
from an inferior quality of New Bed ore as compared with that 
used during first blast January ISth, 18S1, New Bed, Cbateaagay, 
and East-shaft, a newly-opened Bessemer deposit of Messrs. With- 
erbee, Hherrnan & Co., were first used, and continued up to February 
13th, on a fuel charge of 80 per cent, anthracite and 20 per cent, 
coke, the product on the three ores being about 10 tons more per 
day than on New Bed alone 

Fiom this time until March 11th all coal was used, and New Bed, 
Chateaiigay, and East-shaft ores, up to February 22d, and from that 
date Cbateaugay and New Bed, the product falling ofif tons 
per day as a result of not using coke* It is fair, however, to state 
that the furnace was not in good condition during this period, being 
over-burdened, and the New Bed ore was, temporarily, uncommonly 
poor, for reasons of no particular interest here. It required to 
properly llus: it at least 140 per cent, of limestone, and 101 per 
cent* was actually used, Maich 11th, all Chateaugay ore and 80 
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per cent, coke were cLargefl, %vttb the effect of incroa^mg the make 
26 tons per da} up to the time our tjoiible began 

Although the \vorking had been \eiv good during thk *hort run 
of t\^eDtj-one dav'-, some trouble was indicated on account of the 
peculiar behavior of the blast preiMire^ which went upas high 
14 or 15 pounds as a result of a stop of iu>t more rhfin five or ten 
fflimites at ca-ti ig, requiring hoius ot haicl blowing to bring it down 
igam ; while, if no more than one or two minutes were Io^Tj it would 
start off iiorniui^ — sav, 10 pounds. The fidlowiug is a detaded ac*- 
count of the beginning and end of the trouble : 

FfrU Dny — At 5 A.M., Tuesday, April 5tli, 9 beds (15 tons) of 
Xo 2 12 on were east; after casting, black cinder melted fust until 
9 A.jr , when a slip occurred upon checking the blast to stop the 
cinder notch. All tlie ga-^ "svas then turned on to the stoves. The 
usual 11 A M. ea‘^t was not attempted, as the quality of the cinder 
indicated that no iron would be found. At r5 p.m a cast was made 
of 12 beds (18 tous) of fair Mo. 3 and No. 4 iron. Tuesday night 
we got a hole througli tlie tuyere breast between Xo. 1 and Xo. 2 
tuyeies, and heaved out an immense amount of mushy stock — coal, 
lime*, and sticky cinder. 

Second l)aif — Wednesday, April 6th. Took out south cinder 
arch and heaved out the same matei lal ; also woikod out a large 
hole pointing a trifle upwards, clear past the centre of the cTucible, 
and about level with the tuyeres at its inner end, in the best possible 
location to repeat the experiment of a heavy blast, as before de- 
scribed, The fact that the hole pointed upwards made tamping more 
difficult, so extra precautions were taken. A 5-inch pipe with an 
end welded in packed into the hole wdth damp clay, and then 
cooled by a stream of water injected into it. The cartridge consisted 
of a piece of 3|-inch gas pipe, plugged with wood at each end, and 
loaded with 13 ordinary l:^-ineh Ecmirock cartridges, with two 
lines of fuse and exploders leading out. This was shoved into the 
6-inch pipe, tamped or sealed with a ball of clay and fired with all 
possible dispatch, as the 6-Inch case was red-hot. It failed to ex- 
plode, as also did a second one, and from this cause probably came 
all of our subsequent trouble. The pow’der was then tested and 
found worthless. During the night some improvement took place; 
good runs of cinder from the south cinder arch, and at least 75 tons 
of mushy stock blown out, until it was banked up as high as the 
tuyeres, half way around the stack, making a stop necessary to clean 
up. At this time we had four good tuyeres at work. Procured a 
case of 50 pounds of Atlas powder. 
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Third Day — ^Thursday, April 7th Discovered hole burned in 
the bustle wind pipe, 12 inches wide by 48 inches long. TH'n was 
mended by taking out the 9-inch buck lining until the pipe was 
sound (about 6 feet) and forcing a car-wheel into each end, luting 
with clay between the flange and brick lining; these were held apart 
by a l|-iiiGh bar, with a collar at one end and uufc at the other. 
The space was filled in WTth loose bricks grouted up solid with 
cement. A cast-iron plate was also bolted up into the bottom to 
cover the burned holes. This operation took sixteen hours. Upon 
starting, three tuyeres were found open and the hearth solid at their 
level. Nothing could be tapped out, and iron soon began to seal 
up the tuyeres. In one hour after wdnd went on No, 3 blowpipe 
burned off, and upon shutting down to stop it, all the tuyeres were 
filled solid with white iron. Six hours drilling failed to open a single 
one. 

Fourth Day — Friday, April 8th. Got a small hole thiough No. 
4 tuyere, but could not maintain it Also put in a small leaky 
charcoal tuyere, marked No. 8 oa the drawing (Fig. 1), close up 
under the mantel. This opened mto live stock above the ob- 
struction, but its cinder could not be tapped oot. It, however, gave 
some gas for the stoves, and in that respect was of subsequent 
benefit. The north cinder arch was also taken out this day and a 
hole worked in back of it about 2 feet, not far enough to allow of 
much execution from an explosion. However, it was charged with 
25 Atlas cartridges, the heaviest charge yet used. Before loading, a 
test was made to ascertain the danger, by putting a handful of pow- 
der into a dry pine box similar to the eaitriclge ease to be used. It 
remained three minutes and a half in the hole before it ignited, 
showing that there was but little risk, espedaliy as the real cartridge 
case was wet and coated over with blue clay. The explosion (at 5 
p.¥ ) had but little effect on the salamander; blew off one tuyere 
plate and racked the easing outward a trifie. It disclosed a solid 
leathery red-hot mass, containing but little coal and much lime. 
Men were at once set to drilling to get a hole up through to live 
stock By hard work and liberal use of powder some progress was 
made* At 12 midnight a hole was got through to No 8 tuyere, 
and a good fall of cinder came away. Perhaps the greatest benefit 
derived from this tuyere was the encouragement it gave us at this 
particular tunc. It was tapped several times before morning, and 
Strong liopes were entertained that it might be induced to cut down 
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'0 Xvi 3 tip ere, ^\hlchMas taken out and muck drilling done to get 

hole thiougkj but ^\ithoat success. 

Fifth Day — Saturday, April 9th The drift or shaft up through 
the sakiniaDder had progressed so far that some dust and gas carae 
9 breast aad bronze tuyere was put at work; hoping 
th*it sufficient wind would pass m to open it. Blast was kept on 
Nos. 8 and 9 until Monday morning, none going through the latter. 
Consideiable emder was gol away from No 8, and in the meantime 
It burned out and was replaced by another leaky one. 

Spventh Day, — Monday, April 11th. No. 8 gradually failed during 
preceding n^ght, and by morning could not be cleared of emder 
At 10 A M wind was taken off and work resumed on the shaft. A 
hole was finally worked in that would take a case of 8 cartridges, 
which blew a hole up through into clean dry coal, 2 feet square, 14 
feet from the bottom and 7 feet above the tuyeres. No 9 w^as reset 
and wind got on by 11 45. A break-out occurred at 12 15 p m., 
and at 12.30 cinder began to run from south cinder arch — ‘Merge” 
at first, but soon changing to “ hot ” More gas carae through than 
was wanted In two hoars clean coal appeared at No. 9 tuyere. 
This tuyere was tapped out at the bottom of the north emder arch. 

Eighth Day, — Tuesday, April 12th Nos 4 and 5 tuyeres were 
drilled open. Previous to this the iron dam plates \yere taken down 
and a la-rge cavity blasted out toward No. 6 tuyere, where mostly 
coal was found. 

Ninth Day, — Wednesday, April 13th No. 9 tuyere was taken 
out at noon and No. 6 put at work in its place ; at 1 pm. got wind 
into No. 1 tuyere; at 2 P.M., cast 3 beds of iron, the first m eight 
days ; 3 p.m., reset dam plate and got wind into No. 4 and No. 5 
tuyeres. 

Tenth Day, — Thursday, April 14th. Put in cinder arches and 
opened No 2 tuyeie. No. 3 was opened many times, but did not 
remain permanently open until over two weeks had passed The 
crucible was badly banked up on the side of Nos 2 and 3, perhaps 
as a result of the work of No. & tuyere, which could only be drained 
by the hole first opened, showing a ridge between it and the opposite 
side. At this time the trouble was fairly over, and there only re- 
mained for us to resume the regular charges, which had been replaced 
by fuel and cinder only. A few rounds were charged, until the 13th, 
when three-fourths ot the ore was put on and soon increased up to 
the usual ^veight. 
yoi. \ — 14 
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In smiilar cases where the crucible becomes solidly filled with a 
gammy mass^ entirely shutting out the blast, it seems to me that 
the best treatment is: 1. To try the effect of a heavy explosion near 
enough to the centre of the furnace to make it possible to break a 
hole up through, or at least to disrupt the mass enough to permit 
the blast to pass through, which will soon melt it out. The reason 
I recommend this plan first is that its success depends almost 
wdiolly upon getting a hole propeily located, and of course the sooner 
this is begun the more chances for accomplishing it To be sure, 
raising the tuyeres will, once in a while, do as well, but that is often 
difficult, and sometime^! impossible, owing to the construction of the 
furnace. 

2. Should the first fail, or should it be Impossible to get a hole in 
the proper location early enough, then there remains the slower, 
though piobably surer, method of blasting up through to good fuel. 
This opinion is based upon the fact that such obstructions are sel- 
dom of any great thickness Water casings, wrought-iron bosh- 
casmgs With extra tuyere holes, high mantels and thin wails ought 
to make the loss of a furnace of rare occurrence, as they would 
permit access to the obstruction m the shortest passible time. The 
plan of melting out with a blowpipe, successfully used at the Edgar 
Thomson works, is not overlooked, but its details are not known by 
the writer. 

In loading holes overhead it was found sufficient simply to hold 
or prop the cartridge-box in the hole, usually by a |-inch iron rod 
serving as the handle, and dispense entirely with tamping. Small 
drills, say 1 1 inch, work the best, and in case a large hole is required 
it IS best to drill two or throe close together and break out the core 
by filing light charges in one. 

As to the danger to life or property, it may be dismissed as of no 
account, providing that the precautions indicated are always taken, 
and the loading done by a reasonably cool-headed person. In such 
trouble as that described, much depends upon the faithfulness and 
energy of the men, and I cannot too highly acknowledge the services 
of my two keepers, McDonald and Iforton, especially the latter 

The blast at this furnace terminated July 2d, 1881 ; the materials 
were then shovelled out. Your attention Is called to the di’awing 
(Fig 1), where the heavy solid line shows the lining when new, and 
the heavy irregular line its condition after three years and a half 
wear In Vol IV, p. 375, of the TransaotioTis, I condemned the 
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bell as too large, proof of which shown by the debtrnction of the 
upper part of the liumg, but the mo«.t eonclnsive evulenee has 
been its general working 

Id Jolvj 1879, owing tn a strike, this furnace chilled, and, in 
making repairs, the brickwork was only disturbed about 3 feet above 
and 3 feet below the tuyeres, as shown by the heavy dotted line at 
A, It will be noticed that it wus necessary to ‘“^step out the bricks 
under the tuyeres m order loget even 16 inches on the tiivere bieast»^ 
and that a quick return was made to meet the old briokwwk, 
16 inches thick in the bosh-casing, leaving quite an abrupt shouldei 
at the tuyeres 

In the hearth of 1878 alternate tiiyercc? were projected further m 
(Nos. 1, 3, and 5), i e., there were two tuyere circles, one of 6 feet 
and one of 7 feet 3 inches diameter (See Fig. 2.) Upon hastily 
repairing in 1879 all long tuveres weie u^ed, giving a 6-foot circle. 
Now, m view of what was found in cleaning out, I wouM like the 
opinion of our furnace members as to what error of construction 
was due the fact that the wood with which this furnace was filled 
remained on the boshes, as shown, two yeaisl Was it too large a 
bell, giving rise to the formation of a ’^chimney,” or too small a 
tuyere circle (6 feet) in 1879, or both? The lining w'as cut to its 
present size w^hen using the tuyere plan of 1878 (7 feet 3 inches 
circle), which is about the diameter of the bell (7 feet 6 inches), and 
it would seem that the wood escaped mainly for the reason that the 
tuyeres projected too far in* 

I may add that this bell worked better in a 16-foot bosh than in 
a 17, w^hich I am inclined to think is reasonable to expect. This 
wood was placed around next to the lining, to protect it while filling 
with the bell, and was found as placed, in a vertical position, strongly 
compacted together, but by no means crushed It was protected by 
a fine, dusty, carbonaceous covering (small coal and coke in part), 
and, m found, was not sealed up with cinder, though this had flowed 
over it at some time, as the cracks in the charcoal are often found 
filled with it. In thickness it was about 12 inches, located as showTi 
on drawuug. The bosh as formed by it and its covering was 35 
feet from the bottom, at wliich point the bricks were first found 
bare. The material that passed through this wooden bosh amounted 
to 136,159 tons of coal, coke, ore, and stone, in two years, and the 
best work done by the furnace was daring this period. The above 
would seem to indicate that boshes suffer less from abrasion than 
from fusion and chemical action. 
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To complete the record, I append a 
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A layer of wood wa*? placed nest hmng, 1}^ to 2 feet thick, about half the height of furnacev 
to protect the bnekwork The charges (except the wood} were dropped by the bell instead ol 
loB'ered by tabs, as usual Irou made first day, 20 tons, mottled ; iron made second day, 8 tons, No, 
2, 203^ tons, No 3 


TEU FLJJiTEEB Y BOILEB-8ETTISO FOB TEE FEEVMWTIOE 

OF BMOKE, 

BY CHAS, A, ASHBtTBNBR, PHILADELPHIA* 

The appliances wliicb have been propose<l5 and the modifications 
in the consfcrtiction of boiler-furnacea \yhich have been made for the 
prevention of smoke, and the utilization df what are ordinarily called 
the waste products of combustion, have been innumerable,! 


t There is now open in London an exhibition ** of apparato of all kinds devised 
to prevent smoke,*’' 
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The Flaoneiy boiler-settiag, which I wi=^h briefly to dcsc*nbe to 
the members of the lostituie, contains piobabiy no one new oriorinal 
device j but it is rather a ne^^ combination of pait-s winch, m its 
practical working, effectually prevents smoke from being thrown off 
from the chimney, and utilises the heat units eoatained m the prod- 
ucts geneiaily lost The quantitv of fuel required to produce a 
given result is, in consequence, i educed. 

As eaily as 1858 one bandied and three different plans of boiler- 
furnaces for the pieventaon of smoke were submitted at one time to 
the t>team Coal Collieneib^ Association, Xewcastle-iipoii-Tyiie. In 
a leport upon the«e plans ade by Messrs Longndge, Armstrong, 
and Eichaidf^oii, the furnaces were divided into seven distinct gioups, 
according to the pniiciplesinvcHed in tlieir oonstruction. The plans 
which have been proposed since 1858 have been, in most eases, more 
practical, more economieal, and more efficient applications of the 
same principles 

The products of the combustion of bituramous coal, on a simple 
furnace fire-grate, are generally considered to be steam, carbonic acid, 
carbonic oxide, and soot Of these, the first two aie inconibustible, 
the last two combustible To these four products may be added 
the nitrogen of the air. 

In eases, even, where the draft of air through the grate-bars is 
not excessive, there is a certain amount of unconsumed oxygen 
which passes through the boiler flues with the products of combus- 
tion, Absolutely perfect combustion of bituminous coal produces 
only steaai and carbonic acid. The more nearly a furnace approaches 
this result, the more efficient it is in economizing fuel and in the pre- 
vention of snao^ke, or, more strictly speaking, soot, which is the solid 
carbon contained in smoke 

The economy of combustion in the Flannery furaaee lies in the 
fact that the soot and carbonic oxide (which pass off through the 
chimney of an ordinary furnace) are almost entirely converted into 
carbonic acid before leaving the boiler flues. It is not my purpose 
to claim for this furnace the greatest economy of construction or 
duty, or even to make comparisons with other furnaces or boiler- 
settings which have been devised to accomplish the same end, but 
merely to describe a boiler-setting which, by expenenee, has been 
found to be practical and economical, and which seems to accomplish 
all that the designer claims for it. It is itn possible for me to state 
in precise terms the value of the increase of heat obtained* As a 
rule, practical results differ so widely from theoretical computations 
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highly bitamuioas coal la used ; a total saving of about 33 per cent, 
ot the coal required in an ordinaij boiler-settingj uitli the use of the 
same boiler and engine, and a great saving m the labor required to 
keep the flue^ clean. 

Tile float portion of the furnace may be constructed after any of 
the ordinarv designs which are applicable to a plain cylinder, c\im- 
der-fliie, eylindei -tubular, or the otlier general forms of sieam boilers 
in common use. The boiler which is illustrated by the accompany-' 
ing drawings is an ordinary cylinder-tubular boilei which is being 
erected at Beloit, Wisconsin, for the Eock River Paper Company. 

The mo^t important point'^ to be noted in this boiler are; The 
gas-flues at G (Fig* 1), where the temperature of the products is 
equalized, the secondary giate, A, with ineandescent coals through 
which the products are pas‘'ed, and the air-ducts, C, above this grate, 
wheie heated air is introduced, whereby combustion is completed in 
the chamber I* 

After eombuition has taken place at the front grate, N, the pio- 
diiots resulting therefiom pass under the boiler and over the 
brrdge-wall, M. At the rear end of what is called the combustion- 
flue, and a short distance (about 1 fooc) back of the end of the boiler, 
the gases ami soot are deflected by a firebnek wall downwards, and 
caused to pass through 25 circular flues m the lower part (Fags 
4 and 5), These flues are 3 inches in diameter, and 1 foot 3 inches 
long. In thefuiuace w^hich has been working for seme time at 
Akron, Ohio, there is but one large opening in tins wall, but 
the substitution of a number of smaller flues is thought to be a 
decided improvement. The flues are cleaned when necessary from 
the ash-door, E; the ashes may be taken out from the door E, 
or, bettei, from the door H (Fig. 1), which is placed for this pur- 
pose. In practice the flues do not become coated with soot. 

After going through these flues the products pass up through the 
water-grate A, which is covered with incandescent coal The fuel 
here may oon&ist of w'ood or anthracite coal, or, better still, coke. 
The grate is surrounded by a firelnick wall perforated by holes, B, 
which lead into an air-duct opening at the dooi*s B' (Fig, 2)* Thih 
air-duct is only used m kindling, or when the fire on the secondary 
grate becomes dead. In cases where limestone water is only lo be 
had, a tile grate is employed instead of a water grate (see Fig, 5). 
The latter is, however, adjustable, and can be readily replaced when 
the pipes become coated with lime or liurnt. Immediately above 
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the surface of the incandescent fuel there is a second air-doctj C,C\ 
which is similar to the first, and which admits of the constant in- 
flux of air. The air is heated before entering the furnace by a ffeb 



eimtlation around the wall confining the incandescent coals* The 
charging door fer this grate is at F; I is the eombustion-dbam^ber^ 
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from which the ultimuie producfe pass through the boiler-flues and 
are carried off by the chimney at the front end of the boiler. 



The products of combustion which come from the front grate and 
enter the restoring flues, G, are a mixture of carbonic acid, carbonic 
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oxidey air, hoot, and bteam Id sobstiluting a number of flue& for 
one large one, a greater saiiace h gained, and the gai>es tiie more 
hoinogeneousij heated Of lioutse tlieiac flues cannot give out any 
moie heat than they absoib fiom the heated products as they eoine 
from the iiiht giate the lieat of these products is variable, due 
to firing and other causes, the heat of tlie flues will be an average of 
the heat of the pioducts, and the gases ao they enter the ash-pit of 
the second grate will have a luoie unifoim heat than before entering 
the flues. When these products enter the incandescent coal on the 
second grate the caibonio acid unites with a portion of the carbon of 
the fuel and foims carbonic oxide. This is a direct loss of heat 
units t The heat, however, is regained by the carbonic oxide thus 
formed uniting with the oxygen of the air introduced through the 
ducts C, C^, and carbonic acid results The carbonic oxide which 
comes from the front grate is raised above the point of ignition by 
the incandescent tuel and unites with the oxygen of the introduced 
air and forms carbonic acid. The excess of atmospheric air enteis 
the coals on the second grate and undergoes the same conversion as 
that which took place with the air entering the first grate. The par- 
ticles of carbon, forming the soot from the first grate, are raised to 
incandescence and, imtting with the air from the ducts C, C', foini 
carbonic acid The steam is decomposed m passing through the coals 
on the second grate, the oxygen uniting with the carbon forming car- 
bonic oxide, which is afterwards converted into carbonic acid above 
the surface of the coals. The liberated hydrogen unites with the 
oxygen of the air introduced through the duets C, and again 
forms water. The ultimate pioducts resulting from combustioa in 
the Flannery furnace are, thus, carbonic acid, steam, and a small 
amount of carbonic oxide, J but no sooii, 

A number of the Flannery furnace-settings have been constructed, 
and after a trial extending over several months have produced more 
than anticipated results, m economizing fuel, in the consumption of 
soot and consequent prevention of smoke, and in a reduction in the 
labor, especially in that required to clean the flues. 


^ Nitrogen is not eonsjdere<it asU does not directly atFect oomUustion 
f One pound of carbon in burning to carbonic aeidgi^es out 14,500 heat units, 
one umfc being the amount of heat required to raise one pound of water from 
39® to 40® Fahrenheit The same amount of carbon la burning to carbonic oxide 
gives out 4400 units 

I If the furnace is properly fired, and the draft properly regulated, all the ear* 
home oiide should be converted mto carbonic acid in the combustion -chamber I, 
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At the Akiun watei-woiks^, reeentlv coiwrueted, two tubular 
boilers 5 by 18 feet^ v. ith 64 4-inch flues each, ha\e been *^et on the 
Ficunien ^\ste[n Two Worthmjjton pumph ha^e been erected^ one 
a a^mpouiid high pressurCj the other a compound condensing. Up 
to the pi Cftent tmie the high pressure pump and one boiler have alone 
be^a in service The facts which ha\e been noted m regard to the 
effiekmcy of the fuinace have been ven geiieial, but they aie such 
as to indicate its economy The furnace ha© been fired day ami 
mght. fur eleven da^Sy with 14 toiift. of a diU}, bituminous slack 
eualj vihich is mined in the vicinity of Akron, and sold at the works 
for §1 00 per ton. On the second grate Connellsville eoke has been 
used, costing §6 00 per ton. For every ton of eoai burned 300 
pounds of coke iiave been used, the coke costing §0 90 per ton of 
coal consumed The total cost of fuel for eleven days was $26160, 

The reserv'oir attached to the woiks is 210 feet above the pumps, 
and 2700 feet difataac The cousiimption f#f water has been about 
1,000,000 gallons a da) To do the same work the boiler with the 
usual setting would have required at least 35 tons of coal, at a cost 
of $^o 00. 

The average saving which would result m most cases fiom the use 
of the Flannery furnace, would uiuloubtedly be greater than that 
shown at Akron, where the coal used is very poor, and the cost ex- 
ceptionally low. At Akron local conditions made it necessary to 
return the gases from tlie smoke-arch to the rear of the boiler where 
the chimney stands, through a flue 40 inches square and 27 feet 
long This IS considered to be a disadvantage. I am informed by 
the superintendent of the works that the labor required to run tins 
boiler IS one-half of that winch is ordinarily required with the usual 
setting 

The advantages which are claimed for this boiler-setting are: 
Economy of fuel and preventionof smoke, economy of labor ; more 
even action of the boiler and its longer contmuance in service, due 
to the small amount of deposits m the flues 

The system is particularly applicable in the setting of boilers 
where continuous service is required, where the cost of fuel is great, 
where the space occupied by fuel is valuable, or where the produc- 
tion of smoke is objectionable. 
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TEST 8UFFOBT FOB . TEE ENGLISB CUFELLATIOK' 
FVBNACE. 

BY F. C. BLAKE, MANSFIELD VALLEY, PA. 

The test of the English cupellation furnace should be so sup- 
ported that the cupeller can change readily the elevation of the test, 
and at the same time watch the litharge channel. It is also import- 
ant to raise or lower either side, iDdependently of the other, in case 
of uneven wear of the side walls or of the breast. If the refined 
silver is poured from the test, it is much better to control the lower- 
ing of the test from the front than to raise the back by screws or 
a lever. In order to. enable the cupeller to manipulate the test with 
one hand, when the litharge is running, and to pour the refined 



to the test, as shown in the accompanying drawing. 

The common method of supporting the test is by four screws, work- 
ing in cross-bar mits beneath the test. The points of the screws set 
into the test plate upon which the test rests. These screws are usually 
worked by pounding or pulling upon the heads, which may be either 
small pulleys or straight bars, as shown Qn the back screws in the 
drawing. The screws are also worked by turning a cranky which is 



THE BINDING OF INWALLS OP BLAST FURNACES* 


221 


connected by gearing to the head«i of the scre'^s. The test is some- 
times supported upon wedge*, but wedges are difficult to manage 
quickly if coD^derable change in elevation is to be made 

The altered form of support is shown in Fig 1. Square bars are 
clamped to the under side of the test-plate, shown in Fig, 2 These 
bars extend a short distance m front of the furnace, aod are bent out- 
ward, m order that the turn-bolts above may not interfere with the 
test front door. The back part of the test-plate rest'^, as usual, upon 
two screws. The front support-bar* are connected by tarn-bolts and 
a cross-pieee to a Harrington puHey-bloek, hung from tlie girder 
above. It will be seen that the elevation of the front of the test can 
be readily changed by the working of the pul!^ hand-chain, which 
can be easily done with one hand. 

The turn-bolts, working with the back screws, allow a change to be 
made in the elevation of the side^. Ordinarily they are not often 
used. The front of the test can be lowered by the cupeller m front 
sufficiently to allow the test to run clean of silver or rich bilver-lead 
without the use of a lever at the back The piincipal advantages in 
this method of supporting are as follows : 

L The test can be raised or lowered quickly and evenly. 

% When changing the elevation of the front the cupeller can al- 
ways watch the litharge channel. 

3, The test js controlled from the front when silver or rich silv^er- 
iead is poured. 


TME BINDim OF I2iWdLLS OF BLAST FUBJ^ACBS. 

BY S. H. CHAtrVEHET C B., HABBISBUKa, PA. 

The binding of the boshes and inwalls of blast furnaces has always 
been an expensive piece of work. When the oid stone stack was re- 
placed by the iron shell, the brickwork was kept at a thickness of 
five feet or more* These uve-foot walls were still too thick, and the 
practice now is to have as thin walls as possible and to have a free 
circulation of air about the brickwork of the furnace. The bas- 
ket/^ or lattice-work binding, accomplishes this object, but it is ex- 
pensive, as to first cost, and, if any change in the diameter of a fur- 
nace has to be made, it necessitates an alteration of the binding or 
of the thickness of the walls* 
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In the year 1S79 I had occasion to alter a furnace, built as shown 
in Fig. 1, to the shape shown in Fig. 2. The walls were reduced 
from sixty to thirty-two inches in thickness, leaving a space between 
the lower part of the inwall and the outside of the bosh. That part 
of the bosh below the mantle was bound with T rails; but, above the 




mantle, brick piers, E, E, were built, twelve inches in thickness and 
three or four feet apart, — similar to those shown in Fig. 4, — -having 
the mantle for a base, and filling the space between the bosh and 
the inwall. The space between the shell and the inwall on this fur- 
nace was filled with broken blast-furnace slag. Of course this style 
of binding for the bosh would only be applicable to furnaces with 
low columns. 
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A furnace with high coliimns anc^ the inwall bound with brick 
piei*s is «^hown m Fig S. The piere are four and a half or five feet 
from centre to cenire, as shown in the section C D, Fig, 4, and be- 
tw’een each two piers a hole, twelve or eighteen incties in diameter, is 



cut in the shell, just above the mantle There is a corresponding hole 
]ust under the tunnel-head plates. This makes the space between 
the inwall and the shell a flue through which cold air is drawn. Any 
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gas ^capiog through the brickwork is carried off, and, should a bad 
leak occur, a man can be lowered to it after the removal of one of 
the tunnel-head plates. The piers are built of red brick kid in 



mortar, and a space is left between the back of the pier and the shell 
for expansion, varying in width with the fire-brick used and the size 
of the furnace- The piers are stiffened laterally by circular iron 
bands built into them at two or three points. 



PROOEEDIJ^GS 

UI' THE 

ANNUAL MEETING, WASHINGTON, D. 0. 

FBBSUAST, ISSS. 


VOL X --15 




LOCAL COMMirrSE OF ARRA^GE^[L^TS. 


M2tj<?r J W Fowtill, F P De\v*n Ssneian/jS F Emmons, A S* 

Hewitt J 'E Hiigurd, Ohurles Knrtp, And If W Tatlor 

The opening session was held m the ball of the new Xational 
Museum, on Tuesday evening, February 2l&t. President Metcalf 
introduced General W. T Sherman, one of the Regents of the 
Smithsonian Institution, who read the following address 

AOBEESS OF GENERAL SHERMAN, 

Mr, President and Gentlemen : I have been invited to meet 
you here this evening to extend to you the cordial greeting of the 
regents of the Smithsonian Institution, and to assure you that they 
are moht happy to have it in their poMer to place at your disposal 
this beautiful hall, dedicated to science and art 

This National Museum is the property of the United States, of 
which the regents of the Smithsonian are simply the custodians, and 
the board has delegated to its secretary, Professor Baird, the right 
to extend its use to the National Academy of Sciences and like kin- 
dred societies, among which we are glad to class the Institute of 
Mining Engineers. It is eminently fit that you should meet here 
at this, the nation’s capital, under a roof partly your own, devoted 
to natural sciences, and in the shadow of the Smithsonian, founded 
for the exclusive purpose of collecting and diffusing knowledge 
among men. 

Of all the workers employed on earth no single class seem to me 
more worthy the respect of their fellows than those who seek be- 
neath the surface for the useful minerals and metals w’hich contribute 
so largely to the wealth and comfort of mankind. In no branch of 
human industry does intelligence come so immediately in contact 
with labor. To the mining engineer chemistry, mineralogy, and 
geology are as reading, writing, and arithmetic to the merchant; 
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and algebra, tugonoiaetrjj and geography to the navigator There 
IS no business or piofes'^^ion \\here ignorance is so fatal, or mistakes 
more disastious. No single interest has done more to build up our 
present empiie, and in my opinion, on no other single interest except 
agriciiltine doe^ the iutuie grandeur and stability of our country 
more depend than on mines and mineral \^ealth, 

I do not mean to tire you with figures or statistics with which 
you are doubtless more familiar than I am, but I cannot refrain 
fiom giving a verv few out of the gieat mass winch have been se- 
lected by those engaged in compiling the late census of 1880» 

Anthracite Coal 


Product icr jear ending June 1st, 1880, 

Value oi ct 

To'ijl capital, rea^ and perbonal, 

27,483,329 tons. 
$40,331,981 
$150,161,196 

Kura ter of men employed above groan d, 
Kumber of men employed under ground, 
Number of under 16, above ground, 

Number of bo}&, under 1 b, under ground, 

16,564 

36,932 

11,921 

3,802 

Total employe^, 

, 68,239 

Bitumixous Coal 


Ea^i of 100® Meridian 


Pioduct for -^ear ending June 1st, 1880, 

Value of product delivered, 

Total capital, real and personal, 

40,311,459 tons? 

$49,044,498 

$89,999,101 

Kumbop of men employed above ground, 
Number 6f men emplo^^ed under ground, 
Number Of boVs, under 16, above ground, 
Number of bnys, under 16, under ground, 

13,842 

76,512 

756 

6,366 

Total employeb, 

96,476 

Wesi of 100® Me) idian 


Product for year ending June 1st, 1880, 

Value of product at ♦ 

Total capital, real and perbonal, 

1,477,736 tonh 

$3,272,470 

$8,479,673 

Number ot men employed above ground, 

Ndmber of men employed under ground, 
Number 4f bo^s emplojed above ground, 
Number of boys employed under ground, 

621 

2,812 

8 

Total employes, 

* 3,441 
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Iron Ope 


Product for yearerdin^ I'-t ISSO, 

. 7,971,706 to! 

Yalu* of product, 

$2\1b7,0O7 

ToUl real and persona!, 

$01,782,287 

Men employed atov’e ground, 

16 345 

employed under ground, . 

13,735 

under 10, above ground. 

1,339 

Bo}Sj under 16, under ground, 

249 

Total employes. 

SI 6b3 

Copper 


Product for year ending June 1st, 1880, 

50^665,140 !b^ 

Value of product, 

$S,842,n6i 

Total capital, real md personal, 

. $31,675,096 

Men employed *ibove ground, . 

2,755 

Men employed under ground, 

3 069 

Boys employed abo%e ground, . 

202 

Bojs employed under ground, 

90 

Total employ ^s, 

6,U6 


Of ccfpper, the Lake Superior region furnishes 90 per cent of all, 
and yields pure copper enough to cover 25| acres with a sheet one 
inch thick. 

The anaount of gold produced in the census year 1880 was 
§533,379,663. The amount of silver is reported as $41,110,9o7, 
making the aggregate of the precious metals, used as coin the world 
over, ^74,490,620. 

These figures are official ; they do not exaggerate, but fall short 
of the whole truth. They exhibit the net pioducts of some of our 
mines. When we follow the metals in their development for the 
uses of civilized men, when we lemember that it takes 2 tons of 
iron ore and from 2 to 2J tons of coal to make a ton of pig-iron, 
worth fiom |20 to $26, that by further manipulation this same ton 
becomes woitli $40 to $60 for railroads, from $60 to |100 for me- 
chanical uses, from $2000 to $4000 a ton m the shape of needles, and 
that for watcli-spring^ this value becomes $1,000,000, there is opened 
the question of manufactares not pertinent to this occasion; but 
you, the mining engineers, give the initiative to this most important 
subject, you delve into the earth and reach the fountain source of 
this stream of vital industry. I, myself, was in the New Almaden 
quicksilver mines of California as early as 1847, and saw the Indian 
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miners with pick and crow-bar collect the beautiful miBera!, load it 
into raw-hide sacks, pack it on their backs^ and run like mts op 
notched poles to the mouth of the miiie, whence it wm hauled in 
ox-wagons to the furnaces in the valley below 

I «aw the first specimens of gold found in Sutter^s famoas mill- 
race, and witnessed all the changes from the common tin-pan to the 
eracllej the long-tom, the hydraulics, the arrastre, and the hundred- 
fetarap mill, roaring like the anvils of the Gods, with flumes 30 miles 
long, to bring the water needed to separate the metal from its 
matrix 

I hav'e been down in the copper mines of Lake Superior, with 
their oscillating engines and mclined railways leading to the deepest 
pits, where the highest science and ingenuity of man ha%"e reduced 
the necessary labor to the minimam, and produced that beautiful 
and niOfet useful metal at little over 16 cents a pound. 

I ha\e also seen Mr HilFs reverberatory furnace at Blackhawk, 
Colorado, with its roaring fiames under the hot bla'st, melting down 
rock to a fluid, the useless slag successively skimmed ofif till the 
precious metaL remain below, and are drawn off into the compara- 
tiveU small matte. This again is reduced to a fine black powder 
as uiihke silver as a pot of larap-black , yet chemical affinities 
draw out the pure crystals of beautiful silver, and a further process 
eliramates the gold, and leaves still a valuable residue of lead, 
copper, and iron. 

I have been dovrn in the deep mines of Nevada where the ter- 
restrial heat suggests a 'hotter place; where steam-elevators bring 
up the mineral, and steam-pumps deli^'er an abundance of hot water 
to supply the rotaries; and I have seen coal and iron mines of every 
conceivable kind in all quarters of our country, so that I have had 
some experience, and can bear willing testimony to the industry, the 
skill, and ingenuity of our mining engineers everywhere 

The sinking of shafts, the running of galleries, the disposal of 
waste material, the guarding against water and roek-sHdes, the pre- 
vention of fatal gases, all combine to make yoiir life a continual 
warfare with nature, and call for a courage equal to that of the sol- 
dier in battle, but as the soldier will follow his leader to the death 
when convinced of his skill, so will the miner penetrate the earth 
to its inmost recesses if convinced of the skill of his engineer. This 
IS a great and sacred trust, for which you should be fully prepared 
by previous study, reflection, and experience, I am confident that 
} ou will prove equal to every change and emergency wdiich may 
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arise^ and jour meeting here is mo^^t ao«pidoiis, if by comparing 
your personal experiences you can make the occupation of the oiiner 
more safe and more profitable than it ha« heietotbie been. 

There is m the business world as much friction as in meehaoics. 
A constant vita! mental force is ever necessai} to overcome old 
habits and methods to \\hich the ininei clings v'th as much tenacity 
as any other class. But we know that change is riiten id broad 
characters across the face of nature True, to-day is as ycsterdav, 
and the coming spring wul! bring Jbith its sh m the pa^st, bat 

there was no steam-engine at the begmiimg of this centuiy; the 
photograph and telegraph were unknown fifty years ago; within 
twenty years have been added to the stock of human knowledge the 
telephone and electric light, and these things are now as essential to 
human life as food and clothing. We know not what new inven- 
tions are yet to be, but we do kno\^ that the roan \^ho holds back 
too long and clings to the familiar knowledge of the past, refuising 
new knowledge, will be left behind in the great race of life He 
will be as the passenger of the old stage-coach, left ic a nuid-hole, 
whilst his neighbor will be hurled along at the rate of 30 miles an 
hour in the modem steani-oar. So the mining engineer must keep 
pace with the mechanical arts ; most utilize every new and approved 
contrivance to dimmish human labor and increase net profits, else 
he Will lag behind and see his neighbor prosper. In Egypt you 
can find to-day the same old wells and pumps worked by camels 
and asses as were there in the days of Moses ; and in Mexico you 
will find women down on their knees grinding corn with the matate, 
and the old arrastre going round and round with its mule, whil«fc m 
the most inaccessible corners of California, 5^vada, and Arizona 
the cough of the steam-engine is heard, and the thunder of the stamp- 
mill shakes the earth. It is not for us to say hieh system produees 
the largest measure of human happines'? It suffices for m to know 
that we prefer the latter, and mean to reduce ruiQing to an absolute 
science, yielding the largest profits, and increasing che comfort and 
safety of the miner to equal those of the farmer. 

The Smiihaoman accepts the and only deals with wot knowl- 
edge, — the “inerement/^ — so that when you are down in the fissures 
of the earth auvl discover any ne\r nieml, mineral, or principle of 
natai*al law, we xpeet you to add }our raite to that colossal column 
of human knowledge which towers high above the Fjramids of 
Eg\ pt, and in return w^e will be most happy to reciprocate by supply- 
ing that which we gather from the uttermost parts of the earth. The 
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RepnbUc of Science has no earthly liniirs* It embraces the heavens 
above, the world below, and the waters under the earth ; — so, my 
friends, we are a common brotherhood, and ve trust that wisdom 
will govern your counsels, and that honor and success will crown 
your kbois 

Major J. W. Powell, Director of the United States Geological 
Survey, and Chainnan of the Local Committee of Arrangements, 
then spoke as follows : 


ADDRESS OP MAJOR POWELL, 

Mb President and Gentlemen, Members op the American 
Institcie of Mining Engineers: I bid you welcome. It is ap- 
propriate for me thus to greet jou only because of my relation to 
the Geological Survey prosecuted under the direction of the General 
Government, The work in which my collaborators and myself are 
engaged is intimately related to that in which you are professionally 
employed. 

Mining engineering must have a sound basis m structural geology, 
but the general structural geology of the countiy can only be dis- 
covered and delineated by the great agencies of government, and 
hence our own, alike with all civilised governments, is engaged in 
prosecuting this department of research. 

But the Geological Survey is also engaged in researches m mining 
geology. In the pav^t two or three years the Comstock lode, from 
which three Jmndred ipilhons of bullion have been taken, has been 
the subject of most minute and oaiefiil examination by a corps of the 
Geological Survey. Another has been engaged in the examination 
of the Euieka mining district. Still another in that marvellous 
group of mines at Leadyille, Colorado. Other coips have been 
engaged m the examination of the coal of the United States, of the 
iron mines, of the copper regions, and of the industries in the pro- 
dnet’on of the precious metaK 

The purpose of these researches is somewhat more general than 
that in which you are individually engaged. The Geological Sur- 
vey seeks to discover : 

First The geological structure of the country. 

Second. The geological relations and palingenesis of ores and other 
mineral deposits, and to discover the laws and modes of their occur- 
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rence. Here tlie work of the ofBcial geologist eads^ and here the 
work of the mining engineer begins. It ib for him to develop in- 
divuloal mines and to discover the site^ of ore-bodies and other 
valuable deposits, and to develop the machinery for the working of 
mines, and metallorgieal processes by which cinde materials may be 
wrought into forms best adapted to the wants of man This gives 
to the profe*>sion of mining engineer ing So the body of geol- 
ogists and the body of muimg engineers of the country are com- 
piemeiitarv to each other, and constitute one profes=?ion^ and work 
to a common purpose^ — the development of one of the most impor- 
tant groups of indutotries in the civilized world. 

The successful raining engineer must be highly endowed. He must 
be a geologist, a mineralogist, a chemist, a metallurgist, a mechanician, 
and w ith all tliese, he mu&t have that practical knowdedge of the affairs 
of his profession that gives facility in the adaptation of means to 
ends For no two mountains ha've the same structure, no two de- 
posits liave the same form, no two ores have the same constitution, 
BO t\vo mines present the same problems ; and thus m the mining 
engineer knowledge and skill aie alike demanded. With all of 
these must go professional pride and integrity, for the ardor of en- 
thusiasts must be checked and the wiles of sharpers thwarted. 

In this field nature has concealed her bounties that thej may not 
be found by the fool The uninstrocted eye sees no gold iii the 
rock, no silver m the ore, no iron in the mountain, no coal beneath 
the plain — only to the eye of science are these secrets revealed. In 
this field, when native products are discovered, the hand of igno- 
lance can not seize them ; the fool cannot unlock the treasure box 
Only the hand of science, armed with the powers that are harnessed 
with machinery, can bring them to our possession In this field the 
native products when gathered cannot be utilized by the ignoiant. 
The fool holds not the wand of transformation ; but science turns 
the rock into gold, the ore into silver, the iron into engines, and the 
coal into power. In this field science and art go hand m hand. 

It was, therefore, peculiarly flitting that the men engaged m this 
work, the scientific artisans, the niming engineers, should a=^sociate 
as a corporate body for the promotion of knowledge and the devel- 
opment of technology. Such ib the purpose to be subserved by this 
orgam^:ation. How well this purpose has hitheito been accom- 
plished IS known and attested. 

Since the organization of the Society nine volumes of TranaaGtiom 
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have been pabHshed, These volumes contam four handreci and 
thirty-four papers^ which may be classified as fallows ^ 

L Melaliiirgy of iron and steel, one hundred and ten papers* 

2* Metallurgy of silver and silver mining, twenty-two papers. 

3 On various metalluigical processes, fifty-one papers* 

4* Gold and gold mining, seven papers 

5. Mining and raechamcal engineering, thirfcy-twoipapers* 

6. On the miDiDg and smelting of copper, fifteen papers. 

7 Chemistry and assaying, twenty-sis paper». 

8 Economic geology aii(Huineralogy, thirty-three papers. 

& On coal mining and the geological relations of coal, forty 
papers* 

10 Oo the natiiial occurrence and metallurgy of zinc*, antimony, 
bismuth^ lead, nickel, graphite, and tin, eleven papers. 

11. Concerning sak, three papers 

12. On oie-deposits and the woiking of mines, nineteen papers* 

13 Milling tools and machinery, twenty-six papers. 

14. Mibcellaneons papers and addiesses, thiity-nme papers* 

The list of the authors of these papers is a catalogue of illustrious 
names of scholars, eminent writers, and successful engineers. The 
whole constitutes a body of literature of which any scientific associ* 
ation of the wmrld might well be proud 

Civilization was born when the ancient cities were built on the 
shores of the Mediterranean Prior to that time mankind was or- 
ganized in tribes. Since that time the nations have been organized. 

In the passage of mankind from tribal to national society in the 
growth of modern civilized states, the most important element is 
the growth of corporations, — voluntary associations of men for spe- 
cific purposes, — industrial, educational, and charitable. The evolu- 
tion of these corporations is the most important chapter in the 
history of the institutions of the civilized world* Progress made 
by mankind, from the building of the pyramids for glory, to the 
mining of rhe Comstock lode for its three hundred millions of 
bullion, is due more to these mstitntions developed by voluntary 
associations of men than by the institutions of government* These 
voluntary associations have been the most potent agencies in the 
pi ogress of mankind from the earliest to the latest civilization, and 
the soeiologic philosopher who lias to deal with the progre«is of 
society, finds that the people of to-day, m the most highly developed 
governments, are more mfiiienced by voluntary corporations than by 
governmentb themseives. 
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In the hi&torj^ of govermneuts the drama presents an exciting 
plot where ambitions actors walk the stage, and governmeols with 
their legislatures, their rulers, their courts, their armies, and their 
navies, appear in rapid sequence before us, and the play is heroic 
and tragic 

In the history of corporations the parts are played by bodies of 
men voluntarily associating and working together. To make fields 
in the forests, to work mines in the moiiotauis, to navigate rivers, 
and to sail the seas, an<3 to spread eoramerce throughout the w'orld — 
these agencies have been more potent in the civilization, and more 
potent in the culture of mankind, than all the agencies of govern* 
ment. 

It lb within the memory of the men befoie me that historians 
have come to understand that vviitten history has been too much 
occupied with governments and armies and navies, and has neglected 
the naajor part of history, — the pai’t affecting most the mteresfes of 
mankind. There have sprung up in the last decade or two histo- 
rians throughout the civilized world, Who are rewriting history by 
tracing the development of institutions of culture and of civiliza- 
tion. Of all human institutions those relating to industries have been 
most efficacious, most beneficent Technolog)" has done more for 
mankind than sociology, institutions of art more than institutions 
of government. 

If we begin in the early history of mankind at that time when 
only tribal governments were known, when the state, the whole body 
of a people organized under one government, was but a body of kin- 
dred, and trace mankind through forms of states, by changes of gov- 
ermnents, until the modern states of civilization appearing as empires, 
kingdoms, and republics are established, and study carefully the 
history of these changes and the course of this progress, we discover 
that the theories of government are developed not by the eloquence 
of statesmen, not by the wisdom of rulers, not by the judgments of 
courta, so much as by the development of industries appearing in 
the mining operations, the maimfactunog works, the commeieial 
enterpi'K^es through which the lelations of men have changed and 
society has advanced. By the force of civil institutions relating 
chiefly to imlustries mankind has made progress, and slowly but 
inexorably states have grown from savagery to civilization. 

Again, technology has done more for mankind than philosophy. 
Philosophy has never grown through inteinal agencies; philosophy 
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has grown only by the culture which proceeds from technology. 
Philosophy would to-day be soaring in the absurdities of mythology 
or wading through the raire of metaphysics but for science^ which 
was bora of technology. Philosophy taa^ mythology with its thaii- 
matiirgics and poetry. Then philosophy was metaphysies, with in- 
determinate piopositions and occult proof. K'ow philosophy is sci- 
ence, and there is no philosophy but science. Technology is the 
father of science^ and science again is the father of technology. 
Arts give birth to sciences and sciences give birth to arts, and thus 
in alternating generations thc}’^ multiply to bless mankind. 

Again, gentlemen, I welcome you, as the representatii^es of science 
ami art, to Washington and to the national halls of science and art. 

President Metcalf, after replying, on behalf of the Institute, to the 
addresses of welcome of General Sherman and Major Powell, gave 
an outline of the comprehensive work of the Institute, and expressed 
the pleasure that the members had in meeting within the walls of 
the national headquarters of science, — the Smithsonian Institution* 

The following persons proposed for members and associates of the 
Institute, and approved by the Council, were unanimously elected ;**^ 


MEMBERS. 


Arthur V, Abbott, 

. , Brooklyn, N, T 

Goorge J Atkuis, 

. . Newburgh, 0 

Wilham L Austin,, 

, . Charleston, Anzon^i 

Jame? F Beattie, 

. Connellsville, Pa 

A V, Berlin, 

. . . Hazleton, Pa 

Abram Brunei , 

, , , Pittsburgh, Pa 

E 0 Burchard, 

, , Washington, D. 0 

Charles S Bdrt, 

. Marquette, Mich 

Byron W. Cheever, 

. . Ann Arbor, Hicb 

Townsend T Church, 

. . Chicago, III. 

James B Converse, . 

. . , McKeesport, Pa. 

'W'alter G Cooljdge, 

, . . Chicago, 111 

George H Cornell, . 

. . . Youngstown, 0 

Edward Daniels, 

. . . Washington, D. C. 

Asbury Derland, 

. Boiling Springs, Pa 

A H. Emery, 

. New York City. 

Geoige W Eustace, 

, . Jersey City, N J 

John E Flagler, 

. . . New York City 

M N Forney,. 

. , Now York City 

Henry Gannett, 

. Washington, D C. 


^ Tins li^t includes those members aad associates who were elected at the final 
session of the meeting on Friday morning 
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George W Ge^tz, 

Stf>}>ncn W Good;ye.ir, 
Henrj O HoliLnann, 

F N Hofstott, 

Wilhanj S Hut^jhinson, 

W E Hutton 
I&aac E Jame^j 
Lieutenant D I> Johnson, 
E E Jones, 

Thorn M 

Benjamin. B Law-rfence, 

E P Lee, 

Tbomafe H Leggett, 

Ed ward P Leiden i mg, 
Stuart Lindsle^, 

Herman Livingstone, 
Winiam Main, 

A Markham, 

Oha»’Ies A Maisnall^ 
James H. Mayo, ^ 

O E M’chaehs, 

Philip W Moen, 

Wilhelm Molun, 

George Muirny, 

Albert H Niohol&on, 

Johh H Paddock, 

Henrj W Farkhurat, 

John M Pearson, 

P XT Pease, 

John C Peters, ^ 

J C Porter, 

S A Eichards, 

Samuel M Eile>, 

Denis M Biordan, 

Kenneth Eobortson, 
Geoige W Sargeant, 

Dii^id O Saylor, + 

O H Seharai, 

Walter E Soott, 

Heniy J Beaman, 

H^inry II Btambaugh, 
Predenek J Btantwn, 
Chatles P TsisLor, 

Willmm Thaw, Jr , 
Abiaham H Vand^xiig, 

J H E Waters, 

Talent me W WeaTef, 
OfaarlesG Wen, 

J S Wentz, 

E L Wilos, 

Albert H Woira, 


Cleveland, 0 
"^Vaterbury, Conn 
Kansas Cit;N, Mo 
PitLbuigh, Pa 
Chicago, lil 
Baitiuiore, Md 
Tonib-^tone, Arizona 
Governo^’"^ Island, N T 
Chicago, liL 
Pittsburgh, Pa 
Montezuma, C^Iq 
C hicago, 111 
. BatOpila-^, Mexico. 

, Audenreid, Pa 
GUfton, Ai izona 
Catbkill Station, N T 
Brooklj^n, K Y 

. Ma’'khaniville, hi B Canada. 
Johnstown, Pa 
Brookline, Mass 
* Erankford^ Philadelphia. 
Worcester, Mass 
Tro> , N T 
. Lead villa, Colo 
Orinoco, Tenezuela, 

6t Jobnsbuiy, Tt 
Bismarck, Bak<ita» 

Hudson, N Y 
. Al toona, Pa 
. Eureka, Nevada. 

Pittsburgh, Fa 
Joliet^ 111 
. Ashland, Pa 
. Tacfeon, Arizona 

. Oxford, jsr J 

New York City 
. Allentown, Pa 
Providence, Pa. 

Tucson, Aiizoha. 

Catasauqua, Pa 
Yi'iungstown, O 
Cheyenne, Wyonciing. 
Philadelphia 
. Pi ttsburgh, Fa 
. Brranton, Pa 
Silverum, Coio 
Coplay, Fa 
. Ontoinagon, Mich. 

Mauch Chunk, Pa. 

Chicago, III 
Chicago, HU 
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ASSOCIATES. 


FrfvncJS I Dominick, 

H L R Emmet, 

J W Farquhar, * 

C H Gitb'son, 

Thomas B Kerr, 

W illet Rose, 

Henrj H Sawjer, 
lYaller H Weed, 

G Korman WillutnsoTi 
Cbarles A Witlmack 


ChntonTille, N Y 
Nbw York Oitv 
Easton, Pa 
Freiberg, Saxonj, 
PiU^buigh, Pa. 
Ir’win, Colo 
East HampLoo, Mass 
Brookhn,N Y 
Ir\T;in, Colo 
Kew Toik CUv 


The status of the fol]o^\iQg as^sociates was ehaugeci to meaiher 
Chalks P* Bleecker, Philip E. Chazal, Anton Fernekes, Clark Fisher, 
Howaid V. Forman, Fredetiok E* Hatton, Wheaton B Konliardt, 
Joseph T. Monell, Kiago Narnbu, Whllard Ide Pierce, Honald B. 
Toacey, HerMann T VoltA 


The President appointed Messrs. W. Bramwell and W S, 
Dwight as serotineers to examine the ballots for officers of the 
Institute, and to leport at a subsequent session 

After the adjournraent of this ses^^ion the members attended the 
reception of Major and Mm. Powell, at their house, 910 M Street. 

The second session was held on Wednesday morning, when the 
following papers were read * 

A Piocess for Making Artificial Fuel from Anthracite and Bitu- 
mmous Coal Dust, and the Applicability of the Piocess to the 
Solidification and Utilization of the Slacking Lignites of the West, 
by E. F Loiseau, of Pliiladelphia. 

Coals in Mexico, Santa Rosa District, by W. H. Adams, of Chi- 
cago, 111. 

The New Mill at Batopilas, State of Chihuahua, Mexico, by J. 
C. F. Randolph, of New York city. 

Comparative Efficiency of Fans and Positive Blowers, by Henry 
M Hovse, of New York. 

A New Ore-pul verizei, by C. Henry Roney, of Philadelphia. 


The session on Wednesday afternoon was devoted to the memoiy 
of Alexander Lyraan Holley, who died January 29th, 1882. Di\ 
E W. Raymond, at the request of President Metcalf, presided at 
this memorial session Remarks were made by Messrs. William 
Metcalf, R. W. Raymond, T. S. Hunt, A. S, tiewitt, W. P, Shinn, 
Aahlel Welch, E, D. Leavitt, Jr., C\ E. Dutton, R. W. Hunt, T. 



PKOCESDIXOS OP THE A^XUAL MEETING, 


239 


Egleston.G. Vr Maynjird/f € CWke. Martin Coi yd 1,J, H. Eick- 
etsoHy O, Chaninej J F Holloway, Charles Macdonald^ and J, D. 
Weeks The Secretary read cable dispatches fioin England, \%hich 
had been received during the dav, fiosn E P Martui, E Windsor 
RioiiardSj C. P* Sandbeig, G. J Suekis^ v^. G TUoiuas^ a id the 
Conned of the Institution of Civil Eng^necis Written ccmmnm- 
cations and telegiaras vtere lecened from P. EanicSj J, C Bavles, 
A Cosgnff, W. E C Coxe, W R Jones, W E, Mattes, E C\ 
Pechin, R P Rothweli, M, V. Smith, J, C Smock, and W J. 
Taylor, which could not be read at length for kek of tune; and it 
was announced that the printed report of tins mcioonal se^^lOll 
would include contributions from friends of Mr Holley who did 
not lia\e the opportunity of speaking at the session 
The followmg resolutions were adopted , 

That in the death of Alexander Ljman Bolloy, formerly President 
')f the Institute, we mourn the departure, not only of a great inventoi and engi- 
neer, pioneer m the applications' o| scitiicc, and benefactor of mankmd, but also, 
and moie keenh, of a true comrade and dear fiiendt the memory of who'-e *itrong 
and gentle spirit its indis^'-olubly blended with the social hibtoiy of tln^j organi7a- 
tion, as his gcniu^', enthusiasm, and actuity were potent factois la itspro^esstional 
success. 

ReBt*lx.ed^ That the chai’*maa of this meeting be requested to deliver, on some 
suitable future OLcasion, an addrest', in commemoration of the life and hfe-woik 
cjf Mr Holley 

That the Council of the In«itTtute be requested to take into consulera- 
tion the publrcation of a memorial volume, to contain the above mentioned ad- 
dress, the proceedings of this meeting, and such other matter as may be deemed 
.expedient 

That we extend to the Ameiwan Society of Civil Engineers, and to 
thti American Society of Mechanical Engineer's, our sympathy in this great lo'-s, 
sustained bv thorn as well as oin*«ehes 

Re&ahtd^ That a committee of five be appointed to take charge, aftei consulta 
tion with the Council, and in co-oporation with such similar committees as tnj.y 
be con'-tituted by ouj two sister*socTeties, of the executiou ot the measures proposed 
rn these roeolutionfl, and to represent the American Institute <>± Mining Engi- 
neer^ in any furtliei proceedings that may be taken for the same purpose 

Resolved^ That a copy of these resolutions, together with the assurance of our 
profound sympath) , be transmitted by the Secretary to the tamily of Mr Holley ; 
and that copies be “ont also to the secretaries of the American Society of Me- 
chanical Engineers and the American Society of Civil Engineers 

[At the next session of the Institute, Dr E* W Raymond was 
appointed chairman of the committee, provided for by these resolu- 
tions^ with power to name the other members of the committee J 
At the conelubiou of the session Dr. Raymond read a letter which 
he had received fiom Mr, Holley m the year 1876, and also a letter 
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addressed to him by Mrs Holley, desiring him to express her thanks 
to the members of the lofetitote foi their kind expie^^sions of sym- 
pathy, and to say to them how deeply Mr. Holley had been inter- 
ested in the work of the Institute, and with what brotherly affection 
he had always regarded its members. 

The fourtK session, on Wednesday evening, was confined to papers 
and remarks on lion and Steel as Stiactuial Mateuals/^ with espe- 
cial reference to the memorial to Congress of the American Society 
of Civil Engineers for the appointrnent of a tobt commission. 

The following persons took part in the discu'?S]on : Ashbel Welch^ 
Charles Macdonald, General Meigs, Captain Lyle, E D. Leavitt, 
Jr., T C Clarke, O Chanute, A P Boiler, T. Egleston, G. S. 
Moiison, P Roberts, Jr., and William Metcalf 

The fifth session was held on Thursday morning, Vice-President 
Thompson presiding. 

The following papers were lead : 

Fust Aid to the Injiiied, by Professor H S. Muhroe, of Nevr 
York city 

Electiical Apparatus and Processes for the Mining and Metallur- 
gical Engineei, by N S Keith, of New York city 

Notes on some Newly Discovered Mineral Regions of Southern 
New Mexico, by Professor B. Sillinian, of New Haven^ Conn. 

On Thuisday afternoon the members, and accompanying ladies, 
visited the White House, and were received by Piesident Arthur, 
and subsequently visited the Treasury Department, where they were 
leceived by Secretary Folger and shown over the treasury building. 

Orf Thuisday evening there was a subscription dinner at Wormley^s 
HoteL 

The sixth and final session was held on Friday morning. 

The following papers weie read; 

Late Developments in the Siemens Direct Process, by G, W. May- 
nard, of New York city 

Some Peoulurities of the Gold Deposits of North Caiolina* and 
the Bald Mountain Volcano, so-called, by Professor W. C. Kerr of 
Raleigh. N. C 

Notes on the Behavior of Manganese to Carbon, by Willard P* 
Ward, of Savannah, Georgia. 

The following papers were then read by title : 
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TLe S^ouliierii Soap^ones, Kaolin, and Kre-clays, asid their LSe.*^, 
by Profe&bor P* H. ilell, Jr , of Auburn, Ala 

The Amount of Oil remaining in Pennsylvania and New York, 
by H. E. A\^ngley, of Philadelphia. 

Notes on the Luermaiin Front, by George Asmus, of New York 
city. 

The Crystalline Eocks of Virginia compared with those of New 
England, by Professor C. H. Plitchcock, of Hanover, N, H 

Contributions to the Metallurgy of Nickel and of Copper, by W 
E. C Eustis and Henry M. Howe, of Boston. 

Some Drift Deposits of Fossiliferoiis Hematites in Tennessee, by 
Edward Nichols, of Eidge Valley, Ga. 

Phosphorus Determinations in Pig Iron and Steel, by F. E Baoh- 
man, South St. Louis, Mo. 

Instruments for Projection Drawing, by Professor J. M. Silliman, 
of Easton, Pa. 

The Gold Fields of the Southern Portion of the Island of San 
Domingo, by E. P. Eothwell, of New York city. 

Notes on the Large Blasts at the Glendon Limestone Quarry, by 
Frank Firmstone, of Easton, Pa. 

HoefePs Method of Studying Faults m Veins, by E. W. Eay- 
mond, of New York city. 

The Occurrence of Gold in the Potsdam Formation, Black Hills. 
Dakota, by W. B. Devereux, of Globe, Arizona, 

Valuation of Iron Mines in New York and New Jersey, by 
Professor J. C. Smock, of New Brunswick, N J. 

On Chimney Draught, by Professor B. W. Frazier, of Bethlehem, 
Pa. 

A Eeview of the Ste. Genevieve Copper Deposit, by Frank Nich- 
olson, of Ste. Genevieve, Mo. 

Topographical and Geological Modelling, by O. B. Harden, of 
Philadelphia. 

Note on Manganese in Bessemer Eail Steel, by J. W. Cabot, of 
Johnstown, Pa. 

The Geology and Veins of Tombstone, Arizona, by W. P. Blake, 
of New Haveu, Conn. 

The Mining Work of the United States Geological Survey, by 
S. F. Emmons, of Washington, D. 0. 

Supplement III to a Catalogue of OlScial Eeports upon Geolog- 
ical Surveys of the United States and Territories and of Biitisb 
North America, by Frederick Prime, Jr., of Philadelphia, 

\ OL. X —16 



242 


PEOOEEDIKGS OF THE AKOTAL. tvIEETING, 


The annual report of the Council was then read by the Secretary 
The Council^ in accordance with the rules, reports to the members 
that the affairs of the Institute are in a highly satisfactory condition 
The receipts for the year have been fortunately large^ which has 
enabled us both to fund the life-memberships^ and to meet the tui- 
u^ually heavy expenses of publication The financial accounts of 
the Secretary and Treasurer, duly audited, show the following re- 
ceipts and expenditures for the year. 


Secketaet and Treastjker’s Statement of Receipts and Disburse- 
ments EROM February 1st, 18S1, to January 31st, 1882 

Dr 

Balance at last statement, . * . $1054 ^0 

Received for dues from membeis and associates, 8568 00 

** “ hfe-membersliips, . . SOt) 00 

» from sale of publications, « , , 926 25 

far binding Transactions^, 272 50 

“ “ authors’ pamphlets, 306 90 

** electrotypes, , 61 45 

Interest on United States bonds, , . 27 00 

t{ deposit^, , * 46 05 


Cb. 

Paid for pnnting vdlume Transaciiom, * $2060 31 
binding “ “ 600 50 

printing psnjphlet edition of papers, ^ 1858 71 

** on Steel Rails, * 147 50 

“ G1 ossary of Miprng and Metal - 

tegical Terms, , 133 00 

Paid for printing circulars, etc , * 117 40 

binding 7V<2ns/ichons and exchanges, 17138 
drawing and engraving, , , 1028 65 

“ lithographing, . 277 75 

» postage,, . 745 67 

freight and expressage, 223 13 

stationery, 46 02 

** telegrams, , . 21 80 

“ insurance, 47 50 

“ stenographer, . . . * 25 00 

rent of office, 6 months, , 60 00 

“ rent (storage of Tramactions)^ 6 months, 26 00 

Secretary's salary, , ’ , 2000 00 

“ assistant's salary, 712 50 

“ and assistant’s expenses at- 
tending meetings, , ^ 148 86 

Paid for incidental expenses of meetings, . 82 88 

900 United States 4’s, , , 1010 26 


$11,762 35 


$11,543 71 


Excess of receipts over expenditures, 
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The ninth volume of Tmndadtons^ covering the period from May, 
J880j to Februarj, 1881, has been issued aod distributed as usual 
It has not hitherto been found possible to issue these annual volumes 
more promptly, owing to tardiness of the authors in writing or re- 
vising their papers This necessary delay, is, however, of no great 
loss to the members, since the pamphlet edition subject to revibion^^ 
gives a reasonably prompt publication of the papers read befoxe the 
Institute In addition to the regular publication of the papers, 
there have been issued m book form, an edition of the papers on 
Steel Bails, by Messrs. Sandberg, I>udley, and Holley, wrtli the 
Discussions at the Philadelphia and Virginia meetings, and also a 
separate edition of Raymond's Glossary of liming and Metallurgical 
Tei'ms* 

The usual three meetings have been held — in Philadelphia, Staun- 
ton, Va., and Harrisburg, Pa. These meetings were largely attended, 
and were highly successful, both professionally and socially There 
were elected at these meetings 208 members and 18 associates Dar- 
ing the year 5 members have resigned, and 25 members and asso- 
ciates have been dropped from the rolls for the non-payment of dues. 
Eight members have died: J R. Cameron, Henry Chisholm, Henry 
G. Clark, Maurice Healy, J. L Jernegan, William Lorenz, Jr., Dr. 
A. Wendel, and Alexander L, Holley. The membership ot the 
Institute now comprises 6 honorary members, 848 members, 125 
associates, and 51 foreign members; a total of 1030, 

The following resolutions, submitted to the Institute by the Coun- 
cil, were adopted : 


Wh^ireas, The Amenean Institute of Mining Engineers, on the twentj-sixth 
day of March, 1879, leased for the term of ninety-nine years, to the Pennsylvania 
Museum and School of Industrial Art, m Philadelphia, the mining and metal- 
lurgical collections of the Institute derived from the Centennial Exhibition, and 

Whereas, The Pennsylvania Museum and School of Industrial Art has sug- 
gested to the Institute, that the educational value of the above-mentioned collec- 
tions would be mcieasedif they were transferred to the JSational Muheum in 
Washington, therefore 

Resohedj That the American Institute of Mining Engineers consents to the 
breaking of the lease to the Pennsylvania Museum and School of Industrial Art, 
if desired by the latter, on condition that the eollections of the Institute be 
transferred in their entirety to the JS’dtional Museum id Washington, and 

Resolved^ That a committee of three members of the Institute be appointed by 
the President of the Institute to take all necessary action m this matter 
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In accordance with these resolutions. President Metcalf appointed, 
as comaaittee, Messrs. P. Roberts, Jr, H. S. Drinker, and William 
G. Neilson 

The scrutineers appointed at the first session of the Institute pre- 
sented their report, declaring rhe foliowing persons elected as officers 
of the Institute : 


PRESIDENT. 

Kick ARC F Fothwbll, ... . New York City. 


VICE-PRESIDENTS 
(To SGI ve until February, 1884 ) 

T N Eir, • • . Altoona, Pa. 

CH4.RLES Maodokalb, . . New York City 

Major J. W. Powell ..... Wasbmgton, D C. 


MANAGERS^ 


(To serve until February, 1885 ) 


William Burnham, . 
Anton Eii ers, 

A S McOre4.th, 

* • 

Philadelphia. 

. Denver Col 
Harrisburg, Pa 


TREASURER 


Theodore I> Rand, . 

. 

, Philadelphia 


SECRETARY 


Thomas M Drown, 

. • ■ . 

, Easton, Pa 


The following resolutions were then offered and unanimously 
adopted . 

Resolved^ That the Secretary of the Institute be instructed to express the thanks 
of the members to Professor S F Baird, Secretary, and to the Regents of the 
Smuhsonian Institution, for their kindness m offering the hall m the National 
Museum foi the sessions, of the Institute, to General Sherman, for his address 
to the Institute, to Major and Mrs Powell, for their generous hospitality on the 
occasion, of their reception to the visiting members and ladies ; to the Cosmos 
Club of Washington, for their courtesy m extending to the members the privi- 
leges of the club, and to the efficient Local Committee of Arrangements, for 
their pain& taking efforts to promote the success of the meeting. 
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Ee&ohed, That tprder our thanks to the retiring President, Mr Wdliam 
Metcalf, for the faithful disch-»rge ol ill's uBicial duties duiing the past and 
fur the genial ooiutesy he ba^ I’Vf n t *e manage men t our 

and we tiust he will al’Kays rememb^^r hib oflScia^ couiiec.ioii with the Institute 
with as much pleasure as it will give the m* mbers to lemember the meetings at 
which he piesided 

Presulent Metcalf responded briefly to the latter icsokition^ and 
then declared the meeting adjourned. 

After the adjournment of th^te M's'-ion the meiubeis visited the 
Bureau of Pimtiug and Eng^vivnig 
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FjEBRXJARY, 1882 . 




O.V CHIMNEY DRA UGHT 


BY PBOFESSOB B* W. S'EAZIEB, LEHKIH TJNIVERSITYj BETHLEHElil, PA. 

I PROPOSE in this paper to treat of the chimney merely as a heat 
engine, as one of the devices resorted to in practice for the conversion 
of heat into mechanical work. For the sake of simplieitv and clear- 
ness in the discussion, let us consider the subject in its simplest form. 

Conceive a chamber, heated from without, in free commnnioatlon 
at one end with the external atmosphere, and at the other end open- 
ing into a vertical chimney Let the cross-section of the chamber 
be so great, relatively to that of the chimney, that we can neglect the 
actual energy of the air passing through the chamber. We will 
neglect, also, all passive resistances to the passage of the air. We 
will assume that the cross-section of the chimney is constant, and 
that the air in passing through it neither gams nor loses heat. 

The following symbols will be employed in the discussion: 

= the normal pressure of the atmosphere, which, it is assumed, 
is the pressure existing at the level of the chamber, = 10332,96 
kilograms per square meter. 

^>2 — the pressure of the external atmosphere at the top of the 
chimney, 

= the absolute temperature of melting ice by the centigrade 
scale. This is assumed to be the temperature of the external air at 
the level of the ehiimber, 273°. 

= the absolute temperature of the air as it passes from the 
chamber to the chimney. 

= the absolute temperature of the air as it issues from the 
chimney. 

4, ij) ^3 are the temperatures, as recorded on the centigrade ther- 
mometer, corresponding to the absolute temperatures re- 

spectively, 0° C. 

In general, i = T — ^273. 

Jy, Jg, represent the intrinsic energy of the air at the tempera- 
tures jTo, 2!„ jPg respectively. 
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^represent the volumes of one kilogram of air at the fol- 
lowing pressures and temperatures, vLz.: 

For Voj Po and 
For ^0 and 
For %, _p 3 and T^. 

^ represents the weight of one cubic meter of air at some pressure, 
j>, and temperature, 

In general 5=1. Thus, 5, = - 1 , 5, = 1 S, = I. 5^ = 1.29318 

Vq Vj. Z?3 

kilograms, 

r ~ the ratio between the specific heat of air at constant pressure 
and that at constant volume. y~ 1.408. 

= the specific heat of air at constant pressure. 8^ == 0.2375. 

H — the height of the chimney in meters, 

u = the velocity of the issuing air in meters per secoud. 

E ^ the actual energy of the issuing air. 

Let us follow the changes which the air undergoes. As it enters 
the chamber, the air has an intrinsic energy corresponding to 
its temperature (^o). We have assumed its actual energy to be so 
small that we can neglect it. A work of propulsion ( IFp) is performed 
upon it by the external atmospheric pressure. The air is heated 
within the chamber to the temperature Tgjits intrinsic energy being 
thus increased to at the same time a work of dilatation (TFa) is 
performed upon it, which, according to our assumption, takes place 
at the constant pressure In passing up the chimney, the pressure 
of the air is reduced from It consequently expands, and, 

as we have assumed that in the chimney no heat is either gained or 
lost, its temperature is reduced to and its intrinsic energy to Jg, 
In its ascent it overcomes the resistance of gravity, thus performing 
the work ( TFg) of lifting itself through the height of the chimney. 
As it issues from the chimney it overcomes the back pressure 
performing an amount of work which we shall designate It 

finally leaves the chimney possessed of the intrinsic energy Jg and 
the actual energy E. By adding together on one side of an equa- 
tion the quantities of energy brought in by the air and communicated 
to it from external sources, and of work performed on it by favoring 
external forces, and on the other side the quantities of energy carried 
off by the air, and of work performed by it against opposing external 
forces, shall obtain an equation from which we can get an expres- 
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sion for the actual eneigy of the issuing air. We tuus get the equa- 
tion : 

io + W, + (/, - J,) + F, == W, + W, + I, + K (1.) 

In this equation the terms (J^ — represent the energy 

communicated to the air m the shape of heat, which is absorbed 
partly m increasing its intrinsic energy^ partly in performing the 
work of dilatation 

The following are the expressions for the intrinsic energy of the 
air. 

T — P 6 \ r _ Po % 7- _ Po % 

•^0 - y_ 1 » Tj t; 

The expressions for the different quantities of work and of actual 
energy are easily obtained under the assumptions which we have 
made : 

K = i>a 

Wi=Pa («2 — Vo). 

Wi — p, V,. 

% 

The relations between the pressure, volume, and temperature of 
the air are given by the following equations . 


i>o^o _ Po Jh _ P2% 
% ~ T, ^ 


From these equations we get : 


JPo (vo — V*) = Po 

*^0 

T 

Pi «3 = Pa % W- 


Substituting these values for the terms in equation {1), we getr 

= S-+J)... | + ^^ + -E 

Solving this with reference to -E, cancelling, and arranging, we get: 


*v 7T nr ^ T* 

jf/T y *^4 S inr V ^ 4 3 " q 

fzriPo% p ^ = yzriPo%^ ■ 
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As tbe expansion of the air from to p, takes place without i^ain 
or loss of heat, we have : 



In order to get an expression for li in terms of tlie volunae and 
pressure of the air, let us assume that the change of pressure in the 
external air, between the top and the base of the chimney, is effected 
without gain or loss of heat. The variation in the pressure of the 
air, correspondmg to au infinitely small incitement of tbe height 
above the surface, is given by tbe equation : 

^ dA = — dp. 


But, according to our assumption, 


$ =: K 


1 

1 (P-y . 

w % 


Substituting this value for ^ in the preceding equation, we get : 



Integrating between the limits o and JJ for h} Pq and ^br p, 
we get : 

= p/® J ’'dp. 


ir= 


r-l 


Po 


®o| 


7~1 y- 1 

7 y I y 

Po p, j — y_'jPo Vo 


y-1 
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Sabststutmg this value for iTin equation (2), y,e get: 

(3) 


If one kilogiam of air at were allowed to pa=s fioni the pres- 
sure po to the pressure e'^panding without gain oi loss of heat, 
its temperature would be reduced to and it would suffer a loss 
of intrinsic energy f/^- — ^ JJ, which would be equal to the work of 
expansion ( TF^), and this work would be entirely absorbed ni increas- 
ing the actual energy of the air. An expression for the actual eneigy 
of the issuing air, under these circumstances, could be obtained by 
adding to the work of expansion the work of propulsion of the 
atmosphere, and subtracting from their sum the work of the back 
pressure. Thus . 

E, = TFV + W, - TF^. 

But 



Making the necessary substitutions and arranging, we obtain . 


-if) ^ ( 5 .) 

The work of lifting one kilogram of air through the height of the 
chimney is equahto the actual energy which the same weight of air 
would acquire in passing without gain oi loss of heat from the 
pressure Pq, at the temperature TJ,, to the pressuiepa As the dif- 
ferenci^ in pressure between the base and the top of the chimney is 
due wholly to the action of gravity, the conclusion, just stated, is 
one which We might have expected It may be expi'essed iii other 
words by saying that the work of gravity outside of the chimney, m 
the descending ciUTent of cold air which lestores the equilibrium 
destroyed by the draught of the chimney, is equal to the work of 
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gravity overcome by the heated current of air rising within the 
chimney 

It is evident from the foregoing that the actual energy of the hot 
air issuing from the chimney is derived wholly from the heat im- 
parted to the air, and that its amount relatively to the work of 

f 

gravity is expressed by the fraction a fraction which may 

have values greater or less than unity, as is greater or less than 

2T,. 

The analogy is evident between these re=^^ults and those obtained 
in a previous discussion of the work performed in heating the blast,^ 
The balance of work favoring the movement of the air (neglecting 
the work of gravity), if cold air were made to pass up the chimney, 
IS analogous to the work of the blowing-engine. The actual energy 
wdiich the cold air would possess, under these circumstances, in leav- 
ing the chimney is analogous to the actual energy of the jets of cold 
blast. In the chimney, however, this energy is completely absorbed 
ID overcoming the adverse work of gravity, while m the case of the 
hot blast it remains intact, to be increased by the actual energy 



... . .... _ 1 



h 


transformed from heat. In both cases the expression for the amount 
of actual energy derived from the heating of the air is the same. In 
the case of the chimney this constitutes all of the actual energy of 
the issuing air, while in the hot-blast oven it adds itself to the actual 
energy communicated by the blowing-engine. The analogy is appa- 
rent, also, in the accompanying diagram representing the changes in 
the pi'essure and volume of the air. It is evident that the work of 
gravity, like the work of the blowing-engine, is represented by the 
area v,^ (corresponding to the area PiO^b p^ in the diagram on 
p. 323, vol. vi), and that the energy transformed from heat is repre- 
sented by the area on the accompanying diagram (cor- 

responding to the area a g d b). This area represents, consequently, 


* TransHctions of the Ai3r»encaa Institiite of Mining Engineers, vol vi, p. 31B 
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the actual energy of the issuing air* A difference betvyeen this dia* 
gram and the similar one illustrating the effect of heating the blast 
is in the much smaller curvature in the former of the lines 2^^ and 
(corresponding respectively to the lines a b and c d of the 
other diagram), representing the adiabatic expansion of the air The 
curvature of each of these lines is indeed so small that its diveigence 
from a straight line would be inappreciable^ and it has been drawn 
as a straight line on the diagram. This is due to the fact that in 
the case of the chimney the difference m pressure is an extremely 
small fraction of the normal pressure* In consequence of this it has 
also been necessary to construct the ordinates, representing pressures, 
on a much laiger scale than in the diagram for the hot blast 

It IS clear from the foregoing discussion that in equation (4) E 
represents the energy of the issuing hot air. As the expression for 



IS the same as that for the height of a column of air of the 


density w’hich would cause the velocity of eSiux the equation 
giving the value of E expiesses also the bead, measuied in hot air, 
which the chimney can create. I call attention to this fact because 
some confusion has existed with regaid to it It has been supposed 

y T 

that the expression which we have obtained for jE, viz , 

represents the head produced by a chimney measured, not in hot air, 
but in cold air of the temperature and that u represents m coH' 
sequence the velocity with which the cold air flows into the furnace. 
In the files of Engineerrag for 1878 and 1879 will be found a dis- 
cussion by partisans of these two theories Even Pfeclet fell into 
error upon this subject. In the third edition of his TraiU de la Cha- 

y 

leur he states that the formula H — - represents the head in cold 

-^0 

air which a chimney can produce, basing his conclusion on some 
experiments which he had made to deteimioe the comparative ve- 
locity of efflux of cold and of hot air These experiments, however, 
as he admitted, were lacking in exactness, as the temperature was 
merely estimated, not measured. In the fourth edition of PeclePs 
work, the editor, M A. Hudelo, proves, by a discussion based upon 
the principles of thermodynamics, that the expi’cssion referred to 
must represent the head in hot air. 

By comparing the amount of heat converted into work by the chim- 
ney With the total expenditure of heat, we can get an idea of the 
efficiency of the chimney as a heat-engine 
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To each kilogram of aJr there is imparted by the ehimney a qnan- 

. X T 

tity of actual energy equal to II ^ kilogrammeters XLt 


y 

quantity of heat thus converted into work is equal to AH — 

-^0 ^ 


in which expression A represents the heat equivalent in oaloue;> of 
one kilogram meter 

The total expenditure of heat is represented by the expression 
8p (T^ — Ty), The ratio between these two quantities is the coeffi- 
cient of useful effect of the chimney as a heat-engine. 


ahT?-^± 


c — 


21 


But 


Consequently 


A^l- 


^ '>0 


c= 


1 H 


y 


0 29 


n 

7991 


0 0000.'^63 H. 


The denominator^ = 7991, represents the height in meters of 
a column of air at the uniform density which would piocUice the 
normal atmospheric pressure As H represents the height of 
the chimney, which rarely exceeds 100 meters, it is evident that even 
for the highest chimneys the coefficient of useful effect is extiemely 
low. 

If, for instance, jBT = 50 meters, C = 0 001814. In this oa«5e the 
heat utilized is less than two -thousandths of the heat expended 
It IS worthy of remark that the coefficient of useful effect of a 
ehimnev, as a heat-engine, depends only upon the height of the 
chimney, to which it is directly proportional, and that it is eritiiely 
independent of the temperature within the chimney. 

To explain this low degree of efficiency let us substitute in the ex- 
pression for O the value of H given by equation (5), 


y — 1 



The low degree of efficiency of the chimney is due to the my 
slight fall of temperature which the air suffers m expanding, and this 
IS occasioned by the small difference between the atmospheric pressure 



OJT CHIMKEY DRAUGHT. 


257 


aL tbe top^ and that at the ba«9 of the ehimnej. A chimney might be 
coiupaied, in this respect^ to a non-condensing steam engine, in which 
the pressure of admission of the steam was but a few grams per 
square centimeter, or an ounce or two to the square inch. 

To see how small these differences of temperature and pressure 
are, let as determine them for a special case Let JET = 60 meters, 
= 646^, consequently 4 = 273® C. 



q y - 1 B 
y po% 


5 

2 ; 


2; 



0 . 29 ^ 


0.29 


50 

7991 


= 0 9982. 


Pg = 0.99376 pQ — 10268 48 kilograms per square meter. 

Po — P 2 = 0.00824 po = 64.48 kilograms per square meter. 
7; = 0 9982 T, = 645®, = 272®. 

= 0.9982 = 272.5®, ^ — 0.5®. 

— 1 ®. 

= 0.5®. 


The fall in the temperature of the aif, in consequence of its ex- 
pansion as it rises in a chimney 50 meters higli, is only 1® C., when 
Its initial temperature is 273® C.^ but even the small quantity of 
heat corresponding to this decrease of temperature is twice as great 
as that ultimately converted into work, for the compression of the 
external air from to po, according to our assumption, causes its 
temperature to rise half a degree from jT, to 

A coipmon method of measuring the efficiency of a heat-engine is 
the determination of the consumption of fuel which it requires per 
hour and per horse-power. 

We can estimate this quantity for a chimney : Let n = the num- 
ber of kilograms of air delivered by tbe chimney per second, and let 
BIP. = the horse-power of the chimney. An engine of 1 horse- 
power is capable of performing a work of 75 kilogrammeters per sec- 
ond: 


KP.= 


n 

75 


H 


Z—T. 


TT 


Let b — the number of kilograms of coal burned per hour, and 
0 = the number of calories utilized in heating the air per kilogram 
of fuel burned* 

VOL.X. — 17 
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It is evident that be — the amount of heat absorbed per hour by 
the air. But this quantity of heat must equal the product of the 
weight of air heated by its specific heat and bv the rise m its tem- 
perature, We have thus : 

be = 3600 n X 0.2375 X {T^— T^' 

From this, and the expression for H.P. given above, we obtain : 
h _ 75 X 3600 X 0.2375 X _ 17507125 ^ 

W.R vja~ 


Tf c =: 8000 calories, rather a high estimate, 


If jET = 50 meters 


b 

MR. 


HR. 


2188 

43.8. 


The consumption of fuel required by a chimney of this height to 
supply the power for producing the draught is 43.8 kilograms per 
horse-power per hour; more than forty times the consumption of the 
best modern steam engines It is true that in the case of the chim- 
ney the power is applied directly to the aii’, and that, in consequence, 
the loss in its transmission through mechanism is avoided ; but this 
advantage is very far from compensating the chimney^s low degree 
of efficiency as a heat engine. Assume, for instance, that a fan with 
a coefficient of useful effect of but 0.25 is driven by a steam engine 
of comparatively low efficiency, consuming 4 kilograms of coal per 
indicated horse-power per hour; the consumption of fuel in this 
case would be 16 kilograms per effective horse-power per hour, less 
than two-fifths of that required by the chimney. 

Even for mines, where IT, representing the depth of the upcast 
shaft, can much exceed the height of the highest chimney, furnace- 
ventilation can be proved to be theoretically, as it has been found 
practically, inferior in efficiency to mechanical ventilation, except 
for very great depths. Gruibal fans have been found to give a coeffi- 
cient of useful effect, varying from 0.30 to nearly 0*75. Assume a 
coefficient of only 0.40, and a steam engine as motor requiring as 
much as 4 kilograms of coal per indicated horse-power per hour; 
mechanical ventilation would, under these circumstances, require a 
consumption of 10 kilograms of coal per effective horse-power per 
hour 
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In the case of furnace-ventilation the amontit of heat utilized la 
heating the air to the raeao temperature of the upcast shaft is not 
likely to exceed 5000 calories per kilogram of coal burned - 

The depth of shaft, at which furiiace-ventiiation would equal m 
efiBcrency the imperfect type of mechanical wentilation described 
above, can be obtained by substituting for c in equation (fi) 5000, 

and for -^p 10, and solving the equation with reference to i?l 
thus-: 


17507125 
10 X 5000 


350. 


It would require a shaft 350 meters deep to render furnace venti- 
lation as eifioient as mechanical ventilation of this comparatively 
imperfect type. 

Suppose,^ now, that the fan has a coefficient of 0.60, and that it is 
driven by a compound condensing engine of the best modern con- 
sti notion, requiring, say, 1,2 kilogiams of coal per indicated horse- 
power per hour, m this case 1 efective horse-power would be de-: 
veloped by the combustion of 2 kilograms of coai per hour. Let 
us also suppose that the furnace- ventilation could be so improved 
that 6000 calories could be utilized for each kilogram of coat burned , 
under these conditions the depth of shaft at whiph the efficiency of 
the furnace would equal that of the fan, would be given by the equa- 
tion : 

a=,l^g® = 1459 

This value for H (1459 meters) considerably exceeds any 
depth a^ yet attained in mines. 

The reason for this inferiority of furnace-ventilation is evidently 
the same as the cause of the clnmney^s small efficiency, 'the diflfer- 
once between the pressure of the air at the bottom of the deepest 
shaft and that at the surface is sn small a fraction of the former, that 
the fall in temperature of the air, owing to its expansion as it rises 
in the upcast shaft, is a very small fraction of the absolute tempera- 
ture which it possesses when it enters the shaft Consequently, a 
very small portion of the heat communicated to the air is utilized by 
conversion into work. This fact do^ not seem to have been cleat ly 
apprehended by all writers on the subject Andre, for instance, in 
comparing the two methods of ventilation, remarks • With a prop- 
erly constructed furnace and a foirly dry shaft ft ife hard to see, when 
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we consider how the heat is applied m the two cases^ how the advan- 
tage can be on the side of the machine.”'^ 

To return to the chimney ; it is evident from our discussion that 
it is a most wasteful form of heat-engine, and that a certain supply 
of air can be furnished by a fan, or other blowing machine, with a 
smaller expenditure of heat than by a chimney It may seem sur- 
prising, in view of these facts, that chimneys have not long since 
been superseded by more perfect apparatus for producing currents of 
air. It must be borne In mind, however, that to realize the full 
economy incident on the substitution of a fan for a chimney it is 
necessary that all the heat be utilized which would otheiwise escape 
through the chimney. The tempeiature of the products of combus- 
tion of the fuel must be reduced to that of the external atmosphere 
before they are allowed to escape, and the heat thus abstracted from 
them must be applied to some useful purpose This is frequently 
impracticable. Owing to the disagreeable and deleterious nature of 
the gases issuing from furnaces it is frequently necessary that they 
be discharged at a considerable height above the surface, in Older 
that they may be diluted with much pure air before coming into con- 
tact with animal or vegetable organisms, A chimney of some kind 
is, therefore, in general a necewSaity , and, since it is frequently im- 
practicable to utilize completely the* heat of the gases of combustion 
before they reach the chimney, it is plain that in such cases it is well 
to apply to the generation of a draught the heat which would other- 
wise be wasted. Add to this the fact that a well-designed and well- 
constructed chimney requires, after being once put into operation, 
very little care or expense, continuing steadily and automatically to 
produce a draught, as long as the fire is properly tended, and it 
will be seen that its retention is in many cases justifiable on the score 
of economy* Indeed, in many instances where fan-blast has been 
substituted for chimney-draught, the governing motive has been, I 
conceive, not economy in the performance of the work of supplying 
the air, but rather the attainment of other advantages incident on 
the use of blast; chief among these are a greater facility of control- 
ling the combustion in the fireplace, and the avoidance of an in- 
draught of air through the furnace doors. This latter advantage 
may prevent waste of a much more valuable material than coal, 
namely iron, as in the puddling or heating furnace* 

Notwithstanding all this, however, it may be safely stated as a 


* A Practical Treatise on Coal Mining, page 497, 
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sound, general rule of practice, that fireplaces and farnaces on a large 
scale should be so designed that no heat winch can be otherwise 
utilized shall be applied to the production of draught through the 
chimney. The application of this rule would result m substituting 
fans or other blowing machines for chimneys in some cases, in 
others it would cause the chimneys to be de^^igned with large dimen- 
sions, so that they could produce the requisite draughts with a com- 
paratively low temperature of the escaping gases. 

By changing the usual arrangement, and placing the chimney be- 
tween the fireplace and the furnace, it would be theoretically pos- 
sible to produce draught by a chimney without any waste of heat. 
The efficiency of the chimney as a heat-engine would not thereb}^ be 
improved, but, as the heat rejected by it would be utilized in the 
furnace, the result would be a complete utilization of the heat, pro- 
vided the temperature of the gases could be reduced to that of the 
external atmosphere before they left the furnace. There would be 
the further advantage that a chimney of given dimensions would 
pioduce a more active diaught than by the usual arrangement, since 
the gases within it would be very hot, having very nearly the tem- 
perature of the fireplace. To produce a certain draught, therefore, 
a smaller chimney would suffice The structural difficulties, how- 
ever, connected with this arrangement, since it would require the 
furnace to be built on a level with the top of the chimney, would in 
most cases render it inapplicable. Besides this, it would be difficult 
m practice to avoid a considerable waste of heat by transmission 
through the w^alls of tlie chimney, filled, as it would be, with highly- 
heated gases. It is possible, however, that under some exceptional 
conditions it might be advisable to adopt this arrangement. 
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BY PEOFESSOB J. M SItLIMAN, lAFAYETTE COLLBOE, EASTON, PA. 

IsoMETBiCAii drawing and clinographic projection are geneially 
preferred to perspective drawings for representation of small objects 
or complicated mechanisms, as they present to the eye a sufficiently 
accurate picture of the object, while they possess great advantages 
over perspective in the simplicity and rapidity of execution, and the 
facility they give for taking measurements directly from the draw- 
ings. 
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The object of the instrudaent here described is to facilitate con- 
structions to any desired scale in isometrical drawing, cabinet and 
crystallographic projection, and stress diagrams in graphical statics. 
As shown ill the accompanying drawing (Fig. 1), it consists of a 
frame, which may be readily clamped to any drawing-board, having 
at its farther extremity an accurately turned revolving cylinder A, 
actuated by an adjustable spring £, which tends to wind upon 
it the two 6ne wires shown at c c, which, passing through the eyes 
D, are attached to the drawing-frame by clamping screws. This 
frame is adjusted so as to bring its edge PP parallel to the line DD 

Fig.i 



through the eyes. The frame may be freely moved to any part of 
the drawing-board, the wires while winding or unwinding being 
kept taut by the action of the spring. 

The eyes, through which the wires' pass, are turned by a tool 
whose cutting edges are quadrants, so that a uniform distance may be 
maintained between the points of contact at the eyes when the frame 
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is swung to the right or left, and there will be no kinking of the 
wires A section of one of the eyes on a lai get- scale is shown atD'i 
By this arrangement all the edges of the diawlng-fmn^e preserve 
then parallelism ni all positions on the board The drawing-frame 
IS rectangular^ having graduated edges bevelled to thickness 
that they may be used both as scales and rulers The movable arms 
FF can be clamped at any angle, and are shown m position for iso- 
met! 1 cal drawing* 

Foi cabinet projection an arm may be clamped m any assumed 
direction for the projection of the co-ordinate line which is peipen- 



dicular to the plane of the paper. In the execution of these draw- 
ings, any line parallel to a co-ordinate axis may be constructed by 
moving to the required point the zm> point of the edge set to that 
axis, when the line of any desired length may be immediately drawn. 
One set of edges is divided into the other set parallel to 

the first into thus enabling the construction of drawings on a 
great variety of scales* 
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By adding to the frame two arms pivoted at PP, moving out- 
wards from the verticalj and by setting one in the direction of a ray 
of light as projected, and the remaining three in the directions of 
the projections of the ray on the co-ordinate planes, the outlines of 
shadows may be rapidly drawn. The side arms may also be advan- 
tageously used in construction of stress diagrams in graphical statics. 
The drawing-frame can be temporarily removed from the board by 
simply inverting it over the roller. 

The drawing of crystals is greatly facilitated by the use of a frame 
actuated on the same principle, piovided with edges having the re- 
quired directions and graduations to represent the axes of crystals 
in the rectangular and hexagonal systems. Forms for this purpose 
intended for use with the T square are shown in Figs. 2 and S. 
The first is for the drawing of crystals in all the systems except the 
hexagonal, and the second for the hexagonal. In these the edges 
have the directions of the projections of the axes and the required 
graduations ; the zero points of the scale being on the same horizontal 
line XYy so that by sliding the scale along the T square, the axes 
may be successively drawn to any scale, and any measurements re- 
quired during the drawing of a crystal may be readily made. 

In drawing crystals in the isometric system it is frequently con- 
venient to make use of an auxiliary circumscribing cube, the lower 
fiont right corner of which may be pricked off on the scale AB 
while the point 0 of the scale on the left is at the centre. 


TOFOGBAFmCAL AITF QEOLOQIGAL MODELLING. 

BY O. B. HASDEN, PHILADELPHIA. 

In working out the geological structure of a complicated district, 
where the problems are diflScult to solve by the ordinary methods in 
use, a model, upon which all the geological and topographical data 
may be put, will be found of great value, bringing, as it does, all 
the facts in their proper relationship at once under the eye. In 
the teaching of structural geology, also, a model is of great value, 
since the student can thus have before him, in miniature, a repre- 
sentation of the rocks, as he would see them in place. Topographi- 
cal models may often be useful in suits at law for damages in rail- 
road accidents, or for trespass against mining companies, etc., in order 
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to show the jury an accurate representation of the surface or im- 
deigroimd features in dispute before them^ without going out of 
couit; andj in any case where a more graphic representation is 
needed than is gi^^en by an ordinary map^ for ex:ample, when a 
board of diieetors wishes to know the precise positions of mines, 
fill Daces, or other pieces of pioperty, a model answers all requiie- 
ments A good model has, furthermore, an aisthetic value, for, when 
coloied to nature and tastefully framed, it is not only a work of sci- 
ence, but of art 

The method here described is that adopted by Professor Lesley 
in modelling for the Second Geological Survey of Pennsylvania, and 
IS I’ery ready and accurate. The prerequisite to a good model is, 
of couise, a good map, with the elevations represented by contour 
lines. Intervals between contours corresponding to a difference of 10, 
20, or 100 feet m altitude will be found most useful, according to the 
scale adopted. In a strictly accurate model the vertical and horizon- 
tal scales would be the same, fox*, if the vertical be larger, the height of 
the mountains and dip of the rocks will be exaggeiated; but where 
a large area of country is modelled, the height of the mountains and 
ndges bears such a small ratio to the area to be represented that such 
a model seems very flat, and conveys but a faint idea of the topog- 
raphy as it would appear, to any one but an expeiiencecl topographer, 
in walking over the ground* The vertical scale is, therefore, advan- 
tageously made greater than the horizontal, to give the general im- 
pression which the topographical featuies would have in any partic- 
ular locality. The models of the Survey, with one or two exceptions, 
have been made, however, with both scales alike. 

A base laige enough to represent the area to be modelled is made 
by screwing planed boards together of a sufficient thickness for 
strength The lowest contour line is then traced upon the base with 
a stylus and black paper, care being taken to register correctly as 
often as tlie map is kid upon it. The lumber used by cigar-box 
makers is best suited for modelling, if of a thickness required by the 
vertical scale, and it can be obtained planed to order without extra 
expense. The thinnest boards obtainable will average about of 
an inch in thickn^s. On a scale of 1600 feet to an inch a board of 
an inch thick, will, of course, represent 100 feet in height. The 
lowest contour hue and the-one next above it are then traced upon a 
board, or boards, cut the exact size of the base, and temporarily 
nailed upon it. The board is then cut along the lower, or outer 
one, of the two contours (following the windings of the line with 
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great care) with a little jig-saw, such as is userl for making scroll 
work, brackets, etc. The upper, or inner, line is left to register the 
nest -layer of boards. After the board is marked, a fe^^ dowel holes 
should he put through it with an awl, into the boards below, to in- 
sure the pieces going into their proper places after being cut. The 
board is naiied to the base with little sprigs, enough sprigs being 
used to prevent the boards from springing. A magnetic hammer 
can be used to advantage m lifting the sprigs, and putting them in 
place. Care must he taken not to split off the ends of the boaids 
where they form the end of a mountain or ridge Should this occur, ^ 
they can be stuck on with glue, which should also be used where 
sprigs would split the board The next higher contour line is then 
taken, and so on, until the highest elevations on the map are reached. 
The wax for shaping the model is made of the following ingredients: 
16 part«i of yellow beeswax, 8 parts of corn-starch, 1 part of Vene- 
tian red, 4 paits of Venice turpentine, and 1 part of sweet oil. This 
becomes quite plastic by the warmth of the hand, and is put on all 
over the model, filling in from the edge of one board to that of an- 
other, until It presents a smooth even appearance, and a/«<j simtle of 
the topography. Considerable care and time are required in rubbing 
on the wax. No more should be put on than is required by the 
contours. The edges of the boards should just be seen through -the 
wax. The tools used in the waxing are bone scrapers, like those 
used by niouldeis. Elevations of less than the thickness of a board 
can be put on with the wax, or the full thickness of the board may 
be put on, and reduced by sandpaper, as required by the elevation. 
The model is then varnished with shellac and rubbe<l well with lin- 
seed oil, cave being taken to get the oil into all the low places, as 
on this depends the facility with which the negative can be removed 
after the setting of the plaster. Care must also be taken not to use 
too much oil, as an excess is likely to cause air-hubbles, that would 
produce corresponding depres-^ions m the plaster negative. Four 
strips are now screwed around the model, so as to be plaster-tight and 
high enough to make the negative of sufficient tlucknebs for strength. 
The model is then made level on the floor and the plaster is poured 
over it. The plaster, which should be of the best quality, is pre- 
pared by mixing with water, by the hand, until it b^^comes of the 
requisite stifthess, nearly approaching U'paste, though liquid enough 
to pour, and is free from all lumps. In pouring the plaster, care 
must be taken to avoid the formation of air-bubbles. Should there 
be an insufficiency of plaster, more should be mixed and poured on. 
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without loss of time, for it soon sets ; but even Tvhen great care is ex- 
ercised, tbe two portions are liable to separate at their common sur- 
face* At least, this will be a Aveak place in the model. When the 
plaster has set to the condition of a clav, astiaight-edge should be Tun 
over the top of the sides, to take off the superfluous material and to 
make the bottom of the negative level. It is> then left to dry for 
half an hour, after which the side-pieces may be taken off, and the 
negative removed from the model* Befoic becoming dry, the plaster 
nvaj be made perfectly smooth by rubbing with a Imen rag. The 
negative, after being allowed to dry thoroughly, is sciaped with tools 
made for the purpo>e. On the smoothing up of the negative depends 
the appearance of tlie positive after casting. In the negative, of 
course, the mountains appear as depressions, and the valleys as ele- 
vations, and if too much plaster is taken off of tbe bottom of the 
negative, it makes the mountains so much t!ie higher. The negative 
is then coated w ith shellac varnish, oiled v ith linseed oil, and inclosed 
with four side-pieces, high enough to give the requisite thickness to 
the model. A cast is then made, wh’ch, w'hen dry, is ready for the 
scraping process. The sides are alsosmcothod for the oross-sectio»s. 
It is then varnished, and is leady for the paint. The pla&ter is very 
fragile, and, when large models are made the have to be quite thick. 
Great care has to be taken m moving them to avoid any straining of 
the parts. The cornei*s, too, require protection The topographical 
features may be put on first in pencil as a guide in coloring. Oil colors 
are used, rubbed up with drying oil and turpentine Railroads, 
towns, etc,, may be represented m black ; the streams in white. The 
outcrops of the different geological formations are put on in appro- 
priate colors. If only one copy is needed, the wooden model may be 
paiQted, and seive as well as a plaster cast, only that the wood will 
shrink in time, and, perhaps, crack. 

A very pretty specimen of this method of modelling is a ^^Geo- 
logical Model of part of Blair, Bedford, and Huntingdon Coun- 
ties, Pennsylvania/’ by Mr. E. B Harden, from surveys by Mr 
R, H. Sanders. It has been phototyped by Gntekiinst, of Philadel- 
phia, and published in the Proceedings of the Amernan Philosophic 
C(d Society, number 109* 
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J^OTES OJS' TEE BEEATIOE OF MAJSfGAEE8E TO CAEBOE 

BY •WILLARP P WARD AH, ME, SAVANNAH, GEOBGIA 

I DESIRE to put on record a fact in relation to the effect of man- 
ganese on pig iron which I have never seen m print, and which maj, 
perhaps, not have been observed by anyone except myself. 

In 1875, wiiile experimenting on the production of ferroman- 
ganese in a blast furnace, I had burdened the fnrnace with a charge 
which I calculated \^ouid produce a 15-per cent, spiegel. The fur- 
nace was ve 7 y hot^ having been running for a couple of days on a 
very light burden, and making a burnt iron, preparatory to the 
experiment I proposed to make to produce a high grade of spiegeL 
I calculated that the charge would begin to wmrk in the fur- 
nacp in about twelve hours after it was put on. After the lapse 
of that time I commenced to watch the furnace carefully, bat found 
little or no change in the appearance of the metal, although there 
was a very decided change in the cinder, showing that the man- 
ganese ore had come in wmrk. The iron was quite gray and very 
tough. The character of the cinder was good for a spiegel cinder, 
and I could notimagine where the manganese was going to, as it did 
not appear to be in either metal or cinder in anything like the quan- 
tity indicated by the charge. The next morning things were still in 
the same condition. The furnace was very hot, the cinder good, and 
the iron very gray. I was then sorely puzzled. I had never heard 
of a gray iron with over 4 or 5 per cent, of manganese, and had no 
notion that an iron with more manganese could be gray and tough. 
With great difficulty a piece for chemical test was broken from a pig. 
Not less than a hundred blows from a heavy sledge were required to 
break it off, I took the specimen to the shop and directed that soine 
borings from it should be brought to the laboratory, as soon as 
possible, whither I myself at once repaired to put things in readi- 
ness for a rapid manganese determination. In about half an hour 
the machinist came in with the iron specimen in one hand and about 
a dozen blunted and broken steel drills in the other, saying that it 
w^as impossible to drill the iron. There were several little depres- 
sions in the iron, which was malleable enough to be indented by the 
point of the drill, but not a chip had been cut from it The metal 
was never subjected to further physical tests* A chip broken from 
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a sharp corner and analyzed showed 16 per cent, of metallic man- 
ganese. 

Not long after it occurred I mentioned this phenomenon to the 
late Mr. A. L. HoIieVj who said that he had never heard of such 
characteristics being shown by so high an alloy of iron and man- 
ganese. Other gentlemen in the steel trade, to whom I have men- 
tioned it, were equally surprised. 

I have already mentioned that the furnace was abnormally hot at 
the time, and this, I think, accounts for the whole thing. I believe 
that at a sufficiently high temperature graphitic carbon will separate 
from manganese pig just as it will from an iron pig at a much lower 
temperature. If the temperature at which the metal is produced be 
too low, carbon will not sepamte from pig-u’on. Furnace heat is 
hardly ever high enough to cause the separation of graphite in spie- 
geieiseii, and hence it has seldom been observed. When the metal 
is produced at a high enough temperature to allow the deposition of 
graphite in spiegeleisen, the metal is tough and strong, just as gray 
iron is tough and strong, otherwise the metal containing combined 
carbon is hard and brittle, just as white iron is hard and brittle. 

In discussing the effect of manganese on steel rails this observation 
may be of some value. It will be remembered that Dr. Kaymond, 
at the Virginia meeting last spring, in the discussion of Dr. Dud- 
ley's paper, showed, by the application of tlie method of least squares 
to a hypothetical equation, that manganese had no effect on the wear 
of the rail Now, if we admit my observation of facts to be correct, 
we have a practical confirmation of this mathematical demonstra- 
tion. The temperature of molten wrought-iron, wdiich prevails in 
the Bessemer converter when the spiegeleisen is added, is certainly 
higher than that of the furnace when I made gray manganese pig, 
and the manganese may very likely exist in the rail in the same con- 
dition that it did in my pig ; if so, it should have a tendency only 
to make the rail hard and tough^ thus increasing its wearing power, 
but only to a very slight degree, as the amount of manganese is very 
small in proportion to the iron. Hardness in a rail cannot be ob- 
jectionable unless it is accompanied by brittleness. 
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COALS m MEXIOO^SAL^TA EOSA DISTRICT, 

BY W. H. ADAMS, MB., CHICAGO, ILL. 

I DODBT if many of our engineei’S know of the existence of coal- 
fields extending over hundreds of miles of territory bordering on 
and lying contiguous to the Rio Grande River in Mexico. Essential 
as these facts are to those contemplating the starting of industrial 
works along our frontier, 1 have not been able to learn that any sur- 
veys or examinations have been made of these deposits, and I trust 
the preliminary and unofficial investigations lately made by my- 
self may be found of interest, especially to those of our members 
whose experience has been with poor fuel, or in districts remote from 
railway facilities. While it is true that Northern Mexico is gener- 
ally bare of charcoal-making timber, yet no greater mistake can be 
made than to conderun the light, quick-growing woods found ni pro- 
fusion, and which cannot be excelled in flame or heat-pix)ducing 
qualities for boilers, reverberatory furnaces, or hearths. No country 
could be surer of a full supply of wood if wise legislation in regard 
to irrigation and preservation of young timber were adopted and en- 
foroe<l, but the benefieiation of the low-grade ores of Mexico de- 
mands a more dense fuel for furnace work, and, fortunately for metal- 
lurgists, who will hereafter make this frontier a base of operations, 
there have been disclosed, near the surface, seemingly inexhau‘^tible 
beds of fecoii-anthracite and bituminous coals. 

No extensive openings have as yet been made, and my own work- 
ings at the Cedral mines are all that can yet be said to prove the 
quantity and quality of the coal, other openings furnishing only 
corroborative evidence. Our location (one hundred and ten miles 
west of the Rio Grande River) is on the western line of the depos- 
itory biisin, as it has existed since the period of activity along the 
volcanic line. The region farther inland I have not examined, but 
the elevations, as a rule, are much greater, though from the nature of 
the formation, they are not necessarily barren ground* 

Beginning at the base of the Santa Rosa Mountains (location of 
the Cedral mines), we find very interesting breaks in the foot-hills, 
disclosing the stratified iDcks from the volcanic centres to the valleys* 
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Nearly every inclination of dip; from horizontal to vertical, tells the 
story of platonic foices excited for an incalculable period of time; 
and at elevations^ for from fifty to seventv-five miles around, we find 
basaltic lavas, covering the foot hills, while over tlie =:urface of the 
great plains, that extend two hundred and fifty miles to the eastw'ard, 
waves of trachytic lavas are found imbedded in deposited limestone. 
The seat of volcanic action can be peifeetly located at -evtuil points 
along the range, and in every case the eruptue fotces have Uid 
bare the stratification to such an extent that there is no difficiiltv in 
locating the line of transition rocks. Dikes of slate which mark 
their inner boundary are found invariably at certain dustances fiom 
the largest known deposits of silver bearing oie, and have been 
pointed out myself as positive indicators of the prehenee of valu- 
able vem matter, anasmuch as the strata of slate, which yirfd leadily 
to pressure without losing their cohesivene=^s, foim a dam or wall, 
behiinl, or m, which all metallic substances Avere held until elianged 
chemically or deposited by gravity in seams of tlie easily broken 
limestone No better instance can be found of deposition of silver 
m its various forms — sulphide, chloride, antiraonide, etc, — ui trans- 
ition slates than is here seen, wheie several large workings are open 
tp inspection. From then nearness to the coal measures, the moua- 
tains, which are protruded into the plains at this particular pointy 
offer a gieat novelty in producing vertical veins of coal nearly an- 
thracitic m character, which I have opened to a depth of 240 feet. 
Coal of a more bitaminoos nature is found outcropping on the livers 
thirty, forty, and sixty miles to the eastward, and lignites are met 
with m many places over a wide extent of country drained by the 
Rio Grande River, The inference is that the heat which changed 
the metamorphic rocks, drove off the bitumen, and that the nearer 
one approaches the mountain-line the better is the product. 

The rocks may be classed as Triassic^ all the characteristic fea- 
tures being here observable , such as indurated clays of varied colors ; 
gray compact limestones, dolomitic in places; variegated and even 
bright-red sandstones, sihcious and argillaceous, gypsum in beds; 
and rock-salt evidently in enormous quantities at no great depths, 
as the streams, pools, and lakes are more or less saline over the 
entne southern portion of the basin. Artesian wells along the 
line of the Mexican National Railway, about Lampasos, invariably 
show salt water before and after reaching the coal seams, and brack- 
ish water is also found in the northern belt-line, while the central 
|)ortion affords unlimited supplies of pure water from stratified lime- 
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stone* To the eastward, bieaks m the horizontal strata disclose sand* 
stone, shales, faller's-earthj grit-stones, etc., hile surface openings at 
several points along the Sabinas River, above ordinary water level, 
show veins of coal of good workable thickness and excellent quality 
The amount of sulphur contained in the coal is considerable, and 
finely disseminated, bat not so great as to requhe a washing opera- 
tion* 

Passing farther to the east, openings have been made about Eagle 
Pass, in a circuit of twenty miles in Mexico, and notably at the mouth 
of Seeo Creek. Surface indications aie, however, observable over the 
plains at numberless points between mountam-chain and river. At 
Eagle Pass the Permian system undoubtedly commences, the gray 
and green-white sandstone showing itself m the bed of the river, and 
at several places along the Rio Grande River the opportunities for 
obseivation are equally perfect. Here the character of the coal 
changes, and lower grades of bituminous coal and shales are found 
in wide veins, but so mixed with clay and grit as to be of little value 
commercially, so far as yet developed I cannot believe these beds 
to be brown coal or lignites, as generally stated, the geological foi- 
mation bc-mg certainly too old for lignite; and although we have 
examples of good coal m the Tertiary, I know of no evidence of the 
presence of lignites in the Permian. 

Down the river more recent formations outcrop, and in the neigh- 
borhood of San Antonio true brown coals of woody texture are 
found. Without a knowledge of the lines of upheaval, which are 
generally easily traceable, the ca^^ual observer would not note that 
Eagle Pass is, ^^ay, 600 feet higher than San Antonio, with all the 
strata inclining towards the latter, and showing the coals of Eagle 
Pass to belong to an older period. 

The future commercial valoe of this basin of coal (which underlies 
one of the richest agricultural districts of Northern Mexico, and 
adjoins a mineral chain of known large extent and exceptional rich- 
nessj IS yet to be determined. At piesent my own work is upon 
the upheaval veins, and, being preparatory only, differs in no way 
from ordinary work on a perpendicular vein. The coal cokes 
easily, producing about 60 per cent* in weight of good coke, and 
while I am not now prepared to give details or analyses, yet the 
extended underground workings and the new bank of fifty ovens to 
be erected this spring will furnish a practical demonstration, which 
I shall be pleased to show to travellers. 
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The acoompaisying map will assibL the reader in locating this dis- 
trict 
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LATE BEYELOFME'STS IW THE SIEMEKS DIEECT 
PBOCESS 

BY GEOBGrE W MAY2 hABD, NETT TOFK, 

In this paper I desire to eaibody tl^e results of some personal ob- 
servations of the working of the Siemens direct process as I wit- 
nessed It for a part of three da^s at the works of the Siemens-An- 
deison Company, m Pittsburgh. This prel imuiary investigation was 
to have been followed up by one extending over a consideiable period 
of time, and would have embiaced analytical and physical tests 
Circumstances over which I had no control, resulting in the tempo- 
rary suspension of work, have postponed the presentation of a com- 
pl«6te paper. If the opportunity is affoided me, I purpose doing 
this at a future meeting of the Institute. To those interested in the 
development of the process, refeieuce is made to the papers of Dr. 
Siemens in the Journal of the Iron and Steel Inslitule foi the years 
1873 and 1877, and to the paper of our late lamented bjother^ 
Holley, in the 8th volume of the Tmnsaciiom ot oiu own Insti- 
tute, 

Dr. Siemens, in the introduction to his paper the j\[aiiufacture 
of Iron and Steel by Direct Process/’ read before the Iron and Steel 
Institute m September, i877, says: “ In mixing comparatively rich 
iron ore in powder with about 25 per cent of its w^eight of pounded 
coal, and m exposing this mixture for some hours to the lieat of a 
common stove or of a smitlfsfirc, metallic iron is formed, which, on 
being heated to the wclding-point on the same smith’s hearth, may 
be forged into a horseshoe of excellent quality. The admixtuie 
with the ore of some fluxing materials, such as lime or clay, will, in 
most eases, be of advantage to rid the non of adherent slag/’ This 
IS the keynote of the Siemens direct process. 

Dr Siemens says further. ^“^If we regard the production of wrought 
iron from an abstract point of view, we perceive that we have to ac- 
complish two things, VIZ , the deoxidation of the ore, and the fusion 
of the earthy matter mixed with xt ; and if we calculate the amount 
of carbon necessary to accomplish this end, we shall tind that m using, 
say, hematite ore, consisting of peroxide of iron with from 10 to 16 per 
cent, of sihea, we shall require barely 40 per cent, of carbonaceous 
matter per ton of iron contained in the ore to effect its reduction, and 
also the fusion of the slag/’ 
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In Dr. Siemenses own language, the rotative furnace is worked as 
follows. ^^The ore to be smelted is broken up into fragments, not 
exceeding the size of peas or beans ; to it is added lime or other 
fluxing material, in such a proportion that the gangne contained in 
the ore and flux combines, with only a little piotoxide o: iron, into 
basic and fluid slag A chaige of, say, 20 cwt of ore is put into 
the furnace, when fully heated, while it is slowly revolving. In 
about forty minutes this charge of ore and fluxing material will 
have been heated to bright redness, and at the same time from 5 to 
6 cwt of small coal of uniform size are added to the charge, w^hile 
tbe rotative velocity is increased, in order to acceleiate the mixture 
of coal and ore. A rapid leaction is the lesnlt , the peroxide of iron, 
being reduced to magnetic oxide, commences to fuse, and at the 
same time metallic iron is precipitated by each piece of carbon, 
while the fluxing inatenals form a fluid slag with the siliceous gangue 
of the ore. The slow rotative action is again lesorted to, whereby 
the mass is turned over and over, presenting continually new sur- 
faces to the heating lining, and to the flame within the rotator. Dull- 
ing the time of this reaction, carbonic oxide, besides the hydrocarbon 
contained in the coal, is evolved from the mixture of ore and carbon, 
and heated air only is introduced from the regenerator to effect its 
combustion within the rotating chamber. The gas from the gas pro- 
ducers IS entirely, or nearly entirely, shut off daring this portion of 
the process When ^tbe reduction of the iron ore is thus nearly com- 
pleted, the rotator is stopped in the proper position for tapping off 
the fluid cinder. After this the quick speed is imparted to it, whereby 
the loose masses of iron contained m it are rapidly collected into two 
or three metallic balls. These are taken out and shingled m the 
usual way of consolidating puddled balls ; the furnace is tapped 
again and is ready to receive another chaige of ore In comparing 
upon theoretical grounds this method of producing metallic iron 
with the operation of the blast furnace, it will be at once perceived 
that, whereas m the blast furnace, the products of combustion 
consist chiefly of carbonic oxide and issue from the top of the 
furnace at a temperature exceeding 350*^ 0 , the result of com- 
bustion in the rotative furnace is carbonic acid, which issues from 
the regenerative furnace into the chimney at a temperature rarely 
exceeding 175^ C. This proves at once a gieat probable saving of 
fuel m jfavor of the proposed method, and this saving is increased by 
the amountof coal consumed in the puddling process It may, however, 
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be asked why the rotating furnace should admit of the complete com- 
bustion of carbon, whereas in the blast furnace such complete com- 
bustion IS, as IS well known, not possible, because each atom of car- 
bonic acid formed would immediately split up into two atoms of car- 
bonic oxide, by taking up another equivalent of carbon from the coke 
present The foUo^yi^g explanation will serve to elucidate this point ; 
In the rotative furnace streams of carbonic oxide are set up within 
the mass uodei reaction , and this carbonic oxide, on reaching the 
surface, meets the current of intensely heated air proceeding fiomthe 
regenerators, and completes with it perfect combustion within the 
free space of the chamber. The carbonic acid thus generated comes 
in no further contact with carbon, consequently it cannot split up, 
but IS drawn away unchanged into the chimney, while the evolved 
heat is taken up by the sides of the chamber, and transmitted by 
reverberation and conduction to the mixture of ore^ fluxes, and 
coaL^^ 

In the same paper from which the above extracts have been made, 
Dr. Siemens said : Although I have not yet been able to deter- 
mine accurately the amount of fuel consumed in the gas producers, 
I feel confident that a ton of iron balls is produced in a full-sized 
rotator, working continuously, with a total consumption of fuel not 
exceeding 25 cwt, and a ton of cast steel will be produced'with a 
consumption of 40 cwt. of common coal/^ 

Later on we shall see if the results of late obtained begin to 
justify the prophecy. The process was introduced into the United 
States at the works of Park, Bro. & Co , Pittsburgh, m 1 878. After 
a time it was pronounced a failure. The reason for this verdict was 
their inability to manufacture bar iron from the hammered bloom, 
the excessive oxidation naturally causing a great loss. It is some- 
what remarkable that both Dr, Siemens and the Messrs Park should 
have made the same mistake. The balls are made up of particles 
of pure iron and more or less fluid slag* the almost entire absence 
of carbon and the rapid oxidation deprives them of cohesiveness, 
so that any effort to make iron by simply shingling, reheating, and 
rolling must fail All experience up to the present has taught 
us that the blooms are eminently fitted for the open-hearth process, 
and for this alone. Great credit is due Mr. R. I. Anderson, of 
Pittsburgh, for having erected a rotator at Tyrone, and for having 
boldly increased the dimensions of the furnace much beyond those 
of Dr. Siemens’s furnace at Towcester. The Towcester furnace was 
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9 1 feet long by 8| feet in diameter^ and took a charge of 30 cwt of 
ore mixed with 8 cwt of small coal. The Tyrone lotator was 11 
feet by 11 feet. On referring to Mr Holley’s paper, I find that m 
an average week’s work with highly siliceous ore having about 50 
per cent of iron^ the charges weie* Ore, 4000 pounds; reducing 
coal, 600 to 700 pounds; limestone, 250 pounds, scale and cinder, 
800 pounds. The yield of blooms was 1600 to 1700 pounds per 
charge, or 80 to 85 per cent, of the iron m the ore The producer coal 
was 3800 pounds per ton of blooms The 'iveek’s work was 19 oper- 
ations producing 14 tons of blooms. The results obtained at Tyrone 
w^ere considered sufficiently satisfactory to warrant the constriietion of 
a large plant at Pittsburgh by the Siemens- Anderson Steel Company 
This plant is located two and a half miles from Pittsburgh, on the 
Monongahela E-iver, at what is known as the Upper Works ” It is 
built on a side hill, and is well airanged for economical handling of 
materials A side track fiom the Baltimore and Ohio Kailroad 
comes m on the upper level, where coal, ore, and limestone are de- 
Iiveied on to the platform leading into the crusher house. There are 
two of Blake's largest sized crusheis, which discharge into small ones 
placed below, where the ore is reduced to the necessary fineness for 
treatment in the rotators. By means of contmiious bucket belts, 
the ore is elevated to bins placed over a tramway, which extends into 
the reducing house and over the rotators. From the time that the 
ore, coal, and limestone are charged into the Blake crushers, there is 
no handling of material until the cinder and finished product is 
ready to be drawn. The hopper car holds a full chaige. The ore 
as delivered is very wet, and it should be dried by some simple de- 
vice, such as a revolving cylinder used fordrying ores at stamp mills. 
The rotator plant consists of four vessels measuring 11 feet 4 
inches in diameter and 12 feet in length inside the shell. The ves- 
sels aie lined with Woodland fiie-brick 4| inches thick. The bricks 
stand well, but the shrinkage is said to be about one-sixth of the 
original volume of the brick. The brick lining is glazed by meltr- 
ing roll scale in the rotator and revolving it, and fettled by the ad- 
dition of ore. From 24 to 48 hours are required for the thoiough 
lining of a furnace. The entire charge of ore, limestone, and reduc- 
ing coal is introduced at once. The vessel is slowly rotated at the 
rate of one revolution m every 15 to 18 minutes. In about four hours 
the slag begins to form, and when it becomes perfectly liquid k 
tapped off. The flow of slag continues until the completion of the 
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heat and drawing of the balls. I witnessed the whole or part of 14 
heats daring my staVj viz., the drawing of some of those charged 
on the day before my arrival^ together with the entire work from 
the charging to the drawing of the heats during my stay* The ores 
employed were a red hematite from Lake Superior^ from the Dalliba 
Mine, said to average 60 per cent, in metallic iron, and a brown 
hematite from Tyrone, said to average 40 per cent. There has not 
been suEBcient time to have analyses made under my own observa- 
tion* 

In view of the fact that the men, previous to the starting of the 
rotators, had had no experience in this kind of work, they certainly 
acquitted themselves very creditably More skill, however, is required 
m shingling, but this will soon be attained. In looking over the 
record of 80 heats, which represent the number where iron has 
aciiially been produced, one cannot but be impressed with the favor- 
able results. There has been less of failure than usually attends the 
starting of a new plant and new process with unskilled labor. I 
have the details from which the following summary has been made 
up: 


Week 

ending 

December 3d, 
December 10th, 
December ITrh, 

Decembei 19th- -i2d. 


Ore used, I: 
potmds 
. 46,750 

. 137,000 
. 164,600 
Result of 31 heats 
* 102,700 
Jtlesult of 21 heats 


n obtained, 

Per cent 

pounds 

result 

15,761 

34 3 

36,713 

29 3 

76,080 

46 2 

48,482 

47* 


For the week ending December 10th, the low-grade brown-hema- 
tite ores were used for the most part. Where ores of more uniform 
grade were used the percentage result has been improving. Several 
charges with Lake Superior and Tyrone ore have yielded over 50 
per cent., and I have no doubt that an average of 50 per cent* can 
be kept up with this mixture. The average time for 48 heats, 
through good and bad, from the charging of the ore to the drawing 
and shingling of the balls, has been a little over nine hours With 
more experience the time will be reduced to eight hours, or 3 
charges in twenty-four hours, and a product of 15 tons of blooms. 
Tlie present force of 35 men would be adequate for 6 rotators, so 
that it will be seen that the labor cast on the ton of blooms may be 
materially reduced. The pay-roll at present is as follows : 
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Per day 

Two crushers^ . , . . 25 

One laborer, ... . 1 25 

Two laborers iSliang cars, 1 25 

Tw'o engineers, . . . . 2 00 

Two firemen, , 1 50 

Two slimglers, . . 3 00 

T^\o shinglers’ helpers, . . .2 00 

Two heaters, . , 3 00 

Two heaters' helpers, . * . . 2 50 

Eight furnacemen, . , . , . 1 4U 

One cmdei wheeler, , ... 1 25 

Two gas-makers, 2 00 

Four gas-makers' helpers, ... .... i 35 

Two laborers unloading cars, • . . . . 1 25 


For the week ending December 12thj 38 tons of hammered blooms 
were produced, of which the details of cost were : 


59 tons Lake Supeiior ore, ai $8, . ^472 

15 tons Tyrone 01 e, at $4, , . ,60 

600 bushels reducing slack, at 4 cents, ... 24 

4 tf'^ns liroestone, at ^1, ... ... 4 

2050 bushels producer coal, at 6 cents, . , . 159 

Pay-roll, ... ... . . 351 


38 tons.) ?1070 

Pei ton, . . §28 16 

Repairs and sundries, . 2 00 


Cost per ton, $30 16 


Hnt in regular working the rotators would have produced 90 
tons, therefore, under this assumption^, we havet 


144 tons Lake Superior ore, at f 8, • . . . §1152 00 

36 toob Tyrone ore, at |4, . . 144 00 

1410 bushels reducing slack, at 4 'cents, . , . 57 GO 

9i tons limestone, at §1, . . .9 25 

G300 bushels producer coal, at 6 cents, , . 878 00 

Pay roll, 351 00 


90 tons ) 12091 85 

Per ton, $23 24 

Repairs and sundries, . .... . 2 00 


Cost per ton, ... . . $25 24 


Dr. Wuth informs me that his analyses of the blooms have 
shown them to be of exceptionally good quality, while the steel 
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made with them in the open hearth is superior to that made with 
scrap iron or scrap steel, usually purchased for decarburiziog I 
am informed that the percentage of inclosed cinder in the hammered 
bloom ranges from 10 to 15. A very important fact is that the 
cost of open-hearth steel will be materially reduced by the substi- 
tution of blooms for Bessemer and rail scrap, for which forty-five 
dollars per ton is now pajd. 

Based upon the cost of materials as taken from the company's 
books, extending over a period of one year, I have made up the fol- 
lowing estimate: 

The EsTriiATED Cost of .M^hufacturihg- Open-hearth Spring Steel 
BY Substituting Siemens Direct Blooms foe Bsssemee Scrap 

Cost of pigj castings, mill sciap, furnace scrap, spiegeleisen, and feiroman- 

ganese, . . . • . . . . I»15 58 

Siemens direct blooms, . , * , . IS 67 

Fueh sand,&€-clay, nozzles, sleeves, black lead, oil, moulding sand, moulds, 

cost of melting (Deduction for loss and credit by pit scrap), . , 7 93 

Cost of ingot steel, ........ $37 18 

The results thus far obtained at Tyrone and Pittsburgh are indeed 
very encouraging, but they still fall far short of what Dr. Siemens 
has set out to accomplish. The item of coal first presents itself as one 
which might deter the adoption of the process at points where coal 
is not as cheap as at Pittsburgh. The very cheapness of the coal 
has probably been the cause of its lavish use. To show how nearly 
Dr. Siemenses ideal of one and one quarter tons of coal to one ton of 
blooms has been reached, I will cite the result obtained at Landore 
from August, 1881, to October. For these figures I am indebted 
to Mr, Holley : 

111 charges made in 21 days 13 hours =*5,2 charges per 24 hours’ continuous work 

111 tons Somorrostro ore. 

66 tons 12 ewt. scale 

177 tons 12 cwt minerals, yieldmgl07 tons 9 cwt, 2 qra. blooms =60.68 per cent, 
on weight of minerals charged. 

24 tons 19 cwt 2 qrs, coals for reducing 
135 tons 10 cwt 0 qrs coals for producers. 

160 tons 9 cwt. 2 qrs for 107 tons 9 cwt 2 qrs, blooms 1.49 tons of coal per ton 
of blooms produced. 

At Landore the time for each charge has been a fraction short of 6 hours. 
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Abstract op Reports op Rotator at Lakdore. 





Charges 

t 

1 

t . i 

Product 

Date* 

"S 

Cm 

o 

r5 Ef 

is 

£■3 

41 

i § 

C5 

% 

£ g 

"3 z 

s 

0 - 

, - 

^ != 
I'i 
0 


0 

0+5 
ti 7 

0 

ki 

1S81 


Daj=: Hrs 

Ton'f 

T C Q 

T C 

T C 

T C 

Q 


Au? 7 10 4 K , to 









Aug 2"^, 1 1 M 

23 

5 10 

28 

6 6 0 

16 16 

27 10 

26 4 

1 

58 51 

Aue; 20 8 30 A M , to 
Sept J, ^ 25 P M 

23 

4 17 ; 

23 

5 3 2 

13 16 1 

26 0 1 

22 6 

0 

G0(,0 

Sept 'j, 7 ^ , to Sept ! 

8, SFM 

17 

3 11 

17 1 

8 16 2 ! 

10 4 

23 0 

16 6 

2 

60 00 

Sept 20, 9 AM, to 
bept 28, 3 10 A M 

n 

2 18 

10 ! 

2 IS 2 

7 16 

26 0 

12 16 

0 

61 4S 

Of't 17, 6 30 A. M , to 










Oct 22, 11 4^l A M 

JO 

5 5 

30 

6 15 0 

IS 0 

, 38 0 

29 16 

s 

6210 



21 IS 

ill 

24 19 2 

66 12 

1 135 10 

1 

107 9 

2 

1 60 53 


9th Novembei, 18S1 

Analysts op Two Sa^iples op Spanish Ibon Orb prom Landore Com- 
p^ny’s pRiMiTivA Mine Eecbived proh Landore Company on 
24th May, 1876 Analyzed by A Willis, FCS. 


Ij on — Peroxide, 


No 1 
. 73 4J0 

No 2 
78 500 

Mangane“5e — Oxide, 

. 

1040 

1055 

Sulphuric acid, 


077 

nil 

Phosphoric acid, • 

. 

trace 

tiace. 

Alumina, ...... 

. 

3 000 

.180 

Sihca, ..... 


15 680 

8 860 

Calcium oxide, .... 


. trace 

380 

Magnesia, ...... 


. ml 

.020 

Loss on Ignition, .... 

• 

7 020 

11100 

Total, 


. 100 237 

100 095 


Metallic iron— No I, 51 394 per cent ; No 2, 54 95 per cent 
No, 1 received 7th June, 1872, ex ** Deux Menes ” 

No 2 received 13th April, 1872* ex “St Joseph 

9th November, 1881 

Analysis of Laniwbb Scale, from Laniwre Keceiveb from Towcbster 
ON 15th August, 1875 Analyzed by H* W. Le Nete Foster, 


Iron — Peroxide, , , , 36 600 

Iron — Protoxide, . . * * - . , . 60 300 

Sulphur, . 137 

Phosphoric acid, . * , - . . . 058 

Sihca, * . , 3 880 

Total, . .... , 100*975 


Metallic iron, 71*8 per cent. 
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The Siemens dii*ect process may now be said to be fairly beyond 
the esperiraental stage. It only needs the working out of minor 
details to give it an established commercial foothold m connection 
with the manufacture of Siemens-Martm or open-hearth steel. 

Since my visit at the works, direct blooms have been worked with 
mixtures as given below The ingots have, ho^^ever, not yet been 
weighed, aqd the exact losses can consequently not be given. 


Jaxijaby 4th 

Pounds 

Moulds, ... . .... 11,050 

Furnace scrap, . . . ... 3,375 

Mill scrap, ..... ... 2,275 

Direct blooms, . . . . . 8,060 

Iron punchings, . . ..... 4,720 

Manganese, . ........ 200 

Total, ... . . . 29,480 

January 5th 

Pounds 

Moulds, 10,600 

Furnace scrap, ........... 2,050 

Mill scrap, 8,530 

Direct blooms, ... . - . , . 7,010 

Spiegel, , . • . 200 

Manganese, ... 200 

Total, ... . . 28,590 

January 6th, 

Founds. 

Moulds, , 10,680 

Furnace scrap, . . . , . , , 6,125 

Direct blooms, .... ... 7,615 

Iron punchmgs, .. 4,310 

Manganese, . 200 

Total, 28,930 

January 8th. 

Pounds, 

Grafton metal, 2,100 

Moulds, . . 6,140 

Furnace scrap, . . ...... 6,610 

Mill scrap, 2,600 

Bail ends, .... ..... 5,516 

Direct blooms, ........ 5,590 

Bpiegel, , 200 

Manganese, 200 

Total, 28,755 



ItATE DEVELOPMENTS IN THE SIEMENS BIEECT PBOCESS, 283 



Januaky 9th 

Pounds- 

Moulds^ 


8,240 

Grafton metal, 


2,460 

Furnace scrap, 

„ 

9 200 

Direct blooms, 


8,040 

Spiegel, 

* , 

200 

Manganese, 

• 

200 

Total, 

January 10th 

. 38,940 



Pounds 

Moulds, 

« « » ^ 

* 8,100 

Furnace scrap, 


8,680 

Grafton metal, 


2,100 

Puncbings, 

« 4 • 

3,lo0 

Direct blooms. 


. 6,S15 

Spiegel, 


200 

Manganese, * 



. 200 

Total, . . 



. 28,745 


January 11th, 

Pounds 

Moulds, . 

» « 4 t 4 

0,640 

Furnace scrap, 

4 • » • • * 

. 10,010 

Grafton metal, • 

* « 4 4 

3,530 

Direct blooms, 

. * * • • 4 

8,180 

Manganese, 

• 

200 

Total, 

• 

. 28,460 


January 12th 

Pounds 

Wheeler metal, 


4,3b0 

Grafton metal, 

• * * * 

5,735 

Mill sciap, 



5,275 

Furnace scrap, 

. 

780 

Dnect blooms, 

. 

. 9,430 

lion punclungB, 

. 

. 2,930 

Manganese, , 

* 

, 200 

Total, 


. 28,710 

The following shows 

run of one rotator for each 

day while 

operation since I left the works: 
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DISCUSSION. 

Dr. Egleston, New York city. Do I understand that the pro- 
prietors of the Siemens- Anderson process do not intend to maoufae- 
ture merchant iron^ but only blooms to be used in some open-hearth 
process ^ 

Mb. Maynard : Yes. 

Dr. Egxeston; If that is so, and it is understood that this pro- 
cess IS to be used not for the manufactuie of merchant irons, but only 
for the purpose of making material similar to iron sponge, to be 
treated afterwaids in an open-heaith furnace, I see no reason why 
this direct process should not be succ^^sful The difficulty with all 
direct processes has been not that iron cannot be made from the ore, 
blit that the products contain so much oxide of iron and other im- 
purities that they require to be sunk in a bath, on a principle similar 
to the pig and ore, or the pig and scrap piocess of the open-hearth 
furnace. 

The question of phosphorus in these products is merely a question 
of temperature. Derthier showed, in 1837, that nearly all the phos- 
phorus 111 iron can be eliminated if the slags are removed in the 
puddling furnace before the welding heat necessary to get the iron 
into a ball is reached ; but if the temperatuie is raised high enough 
to make the balls, the phosphorus goes out of the slag into the iron. 
This pnnciple has recently been applied to the manufacture of mer- 
chant irons from poor pig, the slag being removed from the furnace 
and replaced by pure slag. A similar thing was done some years 
ago m a blast furnace, at Buffiilo, working on ores that contained a 
large amount of phosphate of lime. The furnace was made to woi'k 
so cold that the whole of the phosphate of lime went into the slag, 
and not into the iron ; the moment the attempt was made to make 
gray iron, the phosphorus went into the iron, and not into the slag 

William: Metcalf, Pittsburgh, Pa. : I must declare myself a 
heretic on the whole subject of so-called direct processes* Having 
experimented largely, and at a large cost, in both the Siemens and 
the Dupuy direct processes, I have to say that the chemical result was 
always good, and the commercial result was always bad ; and I have 
come back to my original opinion that there is no process more direct 
and simple, with assured commercial results, than that of the blast 
furnace and the Bessemer converter. 

The most important admission made in the paper of Professor 
Maynard, and in the discussion, is that the product of these direct 
processes can not be used as wrought iron. This admission clears 
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away a great deal of rnist, and^ if heeded, may save further experi- 
menters much disappointment and heavy losses. The reason the 
material will not answer for commercial wrought iron is that it is 
always full of oxj gen and is too red-short to be worked. This is a 
matter that can be corrected easily in steel making, but it cannot be 
cured economically, if at all, in the making of wrought iron. 

Mr Holley, with his clear insight into such matters, saw this years 
ago, and settled down to the opinion that the process might be made 
vaiaable as an adjunct of the open-hearth process, and that that was 
its only value. 

I must say I am still skeptical even upon this point, and the facts 
given in the paper are not sufficient to base an opinion upon ; we 
want longer runs, covering a year or nioie of regular hard work, 
with accurate records of the consumption of material, and cf the 
amount and cost of output. There is much machinery about these 
furnaces, and it must be tested by hard inuning before we can esti- 
mate its value, and then we must compare the cost of plant, repairs, 
wear and tear, labor, etc., for each ton of output, with the same 
items by the old process, before it will be safe to announce success 

The paper states that steel can be made by this process with two 
tonb of coal per ton of steel. Yv^e can do, and are doing regularly, 
year in and year out, about as well as this by the most (so-called) in- 
direct process, namely, through the blast furnace, puddling furnace, 
and crucible. Here are the figures, taken from records kept with 
great care, and running over years of steady working: 


Fuel used per ton of pig iron^ 

Fuel used per ton of muck iron, . 
Fuel used per ton of ciucible steel, 


2240 pounds 
. 1210 “ 

. 1120 “ 


Total for the tluee processes, 


4576 


These are no fancy figures; with ordinary care the work can be 
done within these limits every day in the year. 

Now as to quality : Mr. Holley has shown that by the use of the 
Danks-Bouvard puddling furnace, iron can be made conta^ining 0.082 
per cent, of phosphorus from pig containing 0.815 per cent, of that 
substance; also irons with 0.004, and less than 0.007 per cent, of 
phosphorus from pigs containing, respectively, Q.04and 0.07 percent. 
Further, this iron has good commercial qualities, and has been made 
by thousands of tons, with a consumption of 1,161 pounds of coal per 
ton of 2240 pounds of iron. Mr Wellman, of Cleveland, saw this 
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process at work and broughi to Cleveland a lot of pig iron and about 
ten tons of blooms He analyzed the pig, and also analyzed every 
bloom of the lot sepaiatelvj and found Mr HoIley^s report to be 
correct without exception If anvthing more were desired, the addi- 
tion of the Bell-Kriipp washing proccbS would result in eliminating 
phosphorus absolutely. 

What we need now, to convince us that this direct proeobS has any 
value at all, even for open-hearth piaetiee, is the erection of a plant 
capable of producing 100 to 200 tons a day ; that plant should be 
run to Its full capacity for a yeai, and its output and cost should be 
compared with the Cieusot practice, the Eston practice, or Ameiican 
Bessemei work; thus we should know wdiich process is most direct, 
cheapest, and most reliable m quality. 

As to the loss of iron . in the blast fiiinace there is no lo^s , in pud- 
dling there is a loss of about 8 per cent., and m the ciiicible there 
is no loss ; in the Bessemer process the loss is a little heavier than in 
puddling, and in these direct pioeesses the loss varies from 20 to 50 
or even to 100 per cent., according to the hick in wwking. The only 
possible w^ay to avoid very heavy leases is to have an open-hearth 
bath always ready to receive the balls as soon as they are formed. 

So far, practice has proven that the cheapest, safest, and most 
direct process begins at the top of the blast furnace. 

Henky M Howe, Troy, New Yoi’k : In spite of its commercial 
failure I still believe that Blair^s is the best direct process yet ofteied, 
at least in places w^here ore is comparatively dear and coal eompara<- 
tively cheap, such as Pittsburgh. The protection against loss from 
oxidation of the sponge, by allowing it to cool completely in a highly 
reducing atmosphere, appears to me more complete than }n any other 
direct process. When the process was being worked, the loss, which 
was about 15 per cent , w’as not greater than it then was in the best 
open-hearth works which were using blooms. What the process 
needed more than anything else was a more rapid method of cooling 
the sponge. This I think could have been done m about half the 
time actually taken, and the output of each furnace could thus have 
been greatly increased. With proper management I do not believe 
the furnace would have failed. 
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VALUATIOIf OF IBOIf MIKES IK KEW YOBK AND 
KEW JEUSEY, 

BY PROFESSOR JOHN C. SMOCK, ASSISTANT GEOLOGIST OF NEW JERSEY, 
NEW BRUNSWICK, N J. 

The question of the proper valuation of mines of iron ore was sug- 
gested to me by the difficulties experienced m getting answers for the 
United States Census Office, while I was engaged in the work of col- 
lecting the statistics of mines in New Jersey and New York The 
answers to the questions relating to values of real estate of mine prop- 
erties varied so greatly that it was necessary to revise them according 
to some general principles of valuation. Generally the returns of mine 
proprietors seemed to be too low. There were, however, examples 
of what would be termed excessive valuation. The subject appeared 
to be of practical importance, and led to the paper here presented. 

The following table of selected mine statistics is given, piefacing 
the discussion of the principles of valuation. It is in part made up 
of census returns and partly of data obtained directly from mine 
owners and managers. The mines which were selected for the sev- 
eral groups and mining districts include nearly all of those from 
which the more full and carefully filled returns were received, and 
are also I'epresentative of their respective districts. Hence the 
averages obtained from them become good types of these groups or 
districts. The mines of New Jersey appear in six groups, each con- 
taining from three to eleven mines, or, m all, thirty-four mines. 
The magnetic iron ores of New York are in four well-marked groups, 
and there are twenty-six mines in them. Then follow the red 
hematite mines of St. Lawrence and Jefferson counties; and, lastly, 
the brown hematite groups of Dutchess and Colunabia counties, and 
those of the adjacent parts of Connecticut and Massachusetts. The 
whole number of mines represented by the table is eighty-eiglit, of 
which twenty-eight are hematite mines. The first column gives the 
value of the real estate; the second that of the plant; the third is 
the sum of these two, or the capiial invested. Then follow the 
number of men employed, the amount of wages paid during the 
census year, and the value of materials used in mining and preparing 
the ores for market.* The seventh column gives the total expendi- 

* The valae of materials is somewhat uncertain in many cases, as royalties are 
included under this head Likewise, under wages, the cost of explosives and light 
is often included. Hence it is impossible to draw the line shai ply between these 
items of expenditure. 
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tar^) or cost of the ore. The product in tons is in the eighth coh 
umBj while the cost per ton is in the ninth The last column of the 
table shows the ratio between the real estate value and the product 
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PtttnamCo ,N Y , 

522, 0$0 

44,805 

666,835 

434 

165,465 


211,465 

. 66,800 

31G 

7 81 

IX 
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Clinton Co ,N Y , 
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St Lawrence and 
Jefreison Coun- 
ties, N Y , 
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460,000 
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ties, N Y„ 
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The first observation to be made on this table is suggested by the 
discrepancies that are apparent when capital and product are com- 
pared; as is done in the last column. The differences in the ratios 
of product to capital are gieatest m the groups of magnetic iron ore 
mines of Few York and the hematite mines of Connecticut and 
Massachusetts In the latter State^ $3J7 of real estate produced a 

VOL X“19 
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ton of ore, whereas, in Oonneeticntj it required an investment valued 
at $12 2o, or nearly four times as much. Although much of this 
difference is inherent in the mines, and due to great disparity in 
actual value, some part of it must be credited to imperfect vaiua» 
tion, and a more accurate method of valuatiau would tend to the 
equalization of the«e ratios. Another observation to be made is the 
variation in the cost of the ore per ton, ranging from $4.01 to $1.57* 
The greater cost is found to be in the groups of deeper mines The 
larger proportion of open w^orkings or pit work reduces the average 
cotst. The larger size of the ore bodies aUo lessens the cost; and the 
more expensive the plant, when compared with the total expendi- 
tures, the less is the cost of the ore. And, in general, the labor ex- 
penditure seems to enter more into the cost than the value of mate- 
rials used, although the separation of these classes of expenses is 
nearly always incomplete. Other points for consideration and com- 
parison will suggest themselves to the reader who may examine the 
table. 

The elements which enter into the problem of valuation are many 
and diverse. Some of the principal factors' are capacity, accessi- 
bility, ease of niinJng, facilities for working, nearness to transporta- 
tion lines, cost of labor and materials, and demand for the oyes. They 
might be summarized as aceidents of place and time. Hoskold, in 
bis JSyiffineers^ Valuwg Assistant, says: rule cannot be laid 

down expressing the attendant risk of mining adventure, as nearly 
all mines exist under circumstances differing widely from each 
other. It is a matter of experimept; each mine must, therefore, 
stand upon its own merits.” While this statement must be accepted 
as eminently wise and cautious, still, in the valuation of mines, it is 
necessary and desirable always to learn sometbiog of the history of 
the mines in any given district in which we may be required to put 
values upon new or but partially developed localities, and also to 
study their statistics. Their success or failure must, to a certain 
extent, guide us in new ventures. And these features are quite as 
important to know as are the geological relations and modes of oc- 
currence of tile ores to be vvon. Hence it is that the characteristic 
features of any mining district become at length apparent in the 
working statistics, and such statistics, when properly studied, indicate 
capacity, extent, facilities in working, etc. And, therefore, almost 
the first question regarding any mine is what of its surroundings, 
not only so far as concerns the association of ore and rocks, but also 
the results of mining enterprises in the neighborhood or district. 
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Having examined them and ascertained the eharactenstie-, it 
be prudent to keep in niiod that tliev are not to be re\ei'^ed in 
any new undertakingj without e\traordinary &kili ami energy lu 
managemem: or a fortunate eoncurrenre of favoring conditions. 

The further examination of loealit’es, with a view to then* proper 
valuation, must note the extent of ore body, the probable capacity of 
production, and the length of profitable worlung period These in- 
quiries involve the study of the structure, depth of ore beneath the 
surface, nature of the ore, the facilities for exploitation and mining, 
the cost of labor, material'^, etc*, the accessibditv to lines of trans- 
portation, and the extent of the demand, together wdth prices. To 
go into the discussion of all these elements would exceed the limits 
of this paper, and only a few geneializations can be given, which 
may be accepted to a limited extent as safe guides. The enduring 
character of our iron inmes in New Jersey and in New York is 
here to be noted, os it bears so closely upon this question of their 
value ^ it is particularly true of the magnetic iron ore mines. 
Many of them have been worked steadily for long periods, and some 
of them figure in our colonial histoiy. Their production previous 
to 1840 was compaiatively small, and the larger part of the aggre- 
gate amounts obtained from them belongs to the past three decades* 
Notwithstanding the extent to which they have been opened, there 
are no signs of exhaustion. It seems entirely safe to as«^ert that 
many of these ore bodies, now so largely explored, are practically in- 
exhaustible, at least by known methods of profitable raining They 
are an enduring species of property. There are, however, examples 
of exhaustion and abandonment, as well as many cases of temporary 
suspension, owing to causes outside of capacity for producing ore in 
quantity. Out of the list of one hundred and fifteen mines given 
m the Qeohgy of New published in 1868, twenty-five had 

been abandoned before 1881. In the period from 1867 to 1882, 
twenty-five others had been started into activity and run their 
course, making together fifty suspensions in that period. Of the 
old mines which had been abandoned, the working periods ran 
back ftom ten to one hundred and sixty years. It would not be 
possible to arrive at any very reliable average between so wide ex- 
tremes. In the same fifteen-year period thirty new and productive 
mines had been opened m the State, and contributed largely to its 
total product. That some of these abandoned localities may again 
be worked cannot be doubted. From these general statistics it is 
evident that no definite term can be assigned as probable for the 
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vforking histoiy of anv mine Ami what is true of Jfew Jersey ap- 
plies -^ith equal force to Xew York, especially to the mines of 
Orange and Putnam counties. In this connection it must be stated 
that the numerous smaller ore o[>enings have been omitted, as not 
belonging to the cla'^s of oducing mines In order, therefore, to 
arrive at some fair average period of productiveiiessS, recouise ^^as 
had to the total production of many representative mines and its 
comparison vith the output for the census year. In the case of all 
the older mines this total product is a rough estimate at best. It 
is approximately conect in rhe mines opened within the past thirty 
or forty years Now, assuming the rate of the census year (in 
many respects a good representative of our working mines), it is 
easy to ascertain how long it w'ould have taken to raise the total 
amounts estimated as coming from them From fifteen to thirty- 
five years would have sufficed in all of our larger mines, both in 
New Jersey and in New York; m others, fiom four to ten years. 
The aveiage for safety may be put at fifteen years, as applicable to 
the mines now vigorously worked, and also to those newly opened, 
which promise to do quite as well 

Having assumed the working term and the annual product the 
remaining essential factor in all ca«es is the profit per ton. This was 
obtained by subtracting the cost from the average price at the mine 
in the several districts, as follows 


Nevr Jersey mines, 

Averag-e price 

u 16 

Cost 

f>3 38 

$ .78 

Orange County, N Y , 

3 00 

219 

81 

Putnam Couxitv, X Y, 

3 00 

316 

-16 

Ebhex County, X Y , 

. 3 30 

157 

173 

Olmton County, X, Y , 

. 4 50^ 

2 84 

166 

St Lawrence and Jefferson counties, N 
Dutchess and Columbia counties, X Y , 

Y, 270 

215 

55 

, . 3 90 

2 00 

190 

Connecticut mines, .... 

. 480 

2 61 

219 

Massachusetts mines, 

. 400 

3 05 

95 


These elements are sufficient to give the basis for valuations, so 
far as the several districts ai'e concerned. The problem is in the 
nature of an annuity, and knowing the terra and amount received 
annually the question is, what is it vtwth? In the case of the New 
Jeisev mines the value of the real estate was placed at seven times 
the aimiial dividend or amount of profits Thus, for example, 
taking the thirty-four mines in New Jerhcy, according to the table 


* The liigii pnee of these ores is due to the amount of separatee} ore for forge 
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above, their product was 660,340 tons, which at 78 cents per too, 
w^ould yield a di\ idend of $437,065 20, and that multiplied !>> =^even 
gives $3,059,456,403 as their valuation It reraanis to fix the rate of 
interest and to allow for a return of the investment, or what is known 
as a redemption fund. Authorities diffei so widely that it is almost 
an arbitrary ^natter to asbign any figuie. The mean range i& from 
8 to 20 per cent. Tiie rate allowable for redeeming the principal 
should not exceed 4 per cent., — that of our mo^t reliable tiust-fuad 
investments. Owing to the great permanency which characterizes 
many of our iron-mme pioperties, 10 per cent, has been thought to 
be a reasonable profit upon the capital, and 4 per cent sufficient for 
its redemption. Turning to Hoskold^s tables w^e find that the pres- 
ent value of $1 per annum m fifteen yeais, aUowing inteiest at 10 
per cent upon the purchase-money, and redeeming the capital at 4 
per cent , is $6 669, or nearly the arbitrary multiphei which w as used 
in the case of the New Jersey mines. With a higher rate of 
interest, e 20 per cent, the multiplier would be 3 061. These 
are the general principles which have been employed m the vaiua-- 
tion of nearly all of the mines of New Jerf>ey and in many of New 
York. As already stated they are subject to almost endless modifi- 
cation, owing to the ever-varying cambinations of the other essential 
elements, which need to be taken into account and which vary 
with almost every mine. 


TE£l MEW MJtLL ATBATOFILAB, ST A TB OF CEIB XI AB UA, 

MEXICO 

BY JOHK C. r, BANnOLFH, E M., XEW YOEK. 

This mill being now in successful work, it seems proper to record 
som^ professional memoranda concerning it It is intended to handle 
an unusual ore, m a locality difficult of access, and its arrangement 
and method of procedure present some novel features of interest* 

It was prepared for the San Miguel property at Batopilas, State 
of Chihuahua, Mexico, owned by the Consolidated Batopilas Silver 
Mining Company of New York, at present under the management 
of ex-Governor Alexander R, Shepherd* This property contains a 
large series of more or less parallel veins, worked through a deep 
cross-cut tunnel 1300 feet in length* The vein rock of these veins 
is calcspar in diorite. While, near the surface, ruby silver, black 
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silver, and even chloride of silver are met with in many of the veins 
of this ioeality^ the main ore at a depths both in the veins of the 
San Miguel pro{>erty and of the rest of the district, is native silver 
ore in ca Idle, of all grades from and ohispea<lo ores 

(SlOjOOO to $25,000 to the ton) downward. This mill was not de* 
signed to handle the high-grade solid ores, for which the metallurgy 
will always remain practically the same, viz., dry or wet stamping 
for stamp silver, scorification with lead in a cupola or a cupel fur- 
nace, and cnpelktion. While the actual value per year of the mas- 
sive ores is exceedingly large, it is represented, by quantities seldom 
surpassing 1 to 3 tons per month. The real business of the San 
Miguel property in quantity, and of all tlie other veins of the district, 
lies in the large amounts of low-grade native silver ores, containing 
40 to 200 ounces a ton, which invariably a(*oompany and surround 
the strings and shoots of high grade brosa/’ These ores have 
hitherto always been neglected in the district, since the only means 
of reduction at hand consisted of arrastres Until very recently the 
total plant of the San Miguel property consisted of three arrastres. 
By this prinutive plant more than $3,000,000 of bar silver were pro- 
duced in the 10 years preceding the purchase of the property by the 
pre^^ent company, solely from the high-grade ores of the fii’ist bonanza 
on the Veta Giande vein. Since the purchase and transfer of the 
property {Januar}’', 3880), up to the time of starting work in the mill 
now to be described, these three arrastres produced the major part of 
about S500,000, paying thereby all the working expenses, and an ag- 
gregate of 20 per cent, on the cost of the property. During this period 
from January, 1880, to date, some $2,000,000 of ore averaging |r56 a 
ton in native silver has been developed in the yet but partially pros- 
pected bonanza at thejunction of the Yeta Grande and Mesquite vein§, 
wddch has been left m place and stored m levels awaiting the erection 
of the mill. Through this large amount of ore most valuable 
gtrings and pockets of heavy brosa silver have been encountered, and 
from this source have come the profits of the first two years of the 
new enterprise, while an immense reserve wjis being prepared foi the 
future. This low-grade ore contains the silver finely disseminated 
through it, and seldom, as iu the higher ores, as either nails, ferns, 
wires, sheets, or tacks. Most of the silver iu it would pass a 40 to 
60-mesh screen. 

Concerning the handling of this kind of ore, carrying the silver 
in native form, there is no precedent. Only one other locality in the 
world has produced anything similar to it in character and q^uautity, 
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viz , the Silv6^ Islet mine of Thnnder Lake Superior, Canaclj?.. 
The mill eiectal there,, ho^^ever, represents very difterent conditions 
and very different material. At Silver Islet the silver is invariably 
ill the form of complicated alloys ’^vith cobalt, nickel, and other 
metals, as repiesented by the new mmerak huntiUte, animikite, and 
macfarlandite In Batopilas the silver is pure crystallized silver, 
and no alloy of any kind has ever been detected in it Since the 
motaSlorgy of the CQuipHcated alloys of Siher Islet was exceedingly 
ditScult, needing the use of fa nieces and cheap fuel, and feuiee the 
locality Itself ^as not favorable for these operations, the pniblcm in 
constructing a mill there resolv^ed itself into a concentrating openi* 
tion in loGOy with the intention of transporting the rich eoncenitates 
produced to a point more favorable for reduction. The reduction 
has in effect always been earned on at Detroit, jMichigan, The mill 
at Silver Islet consists solely of stamps and Frue vannerg, and 
offers little assistance for the solution of the problem at Batopilas; 
and even were it of the class desired, it is not sufficiently well de- 
signed to be a model. 

At Batopilas, the r^iduotion must be complete, and the only method 
allowable is one where the ore shall enter the mill at one and iiud 
the silver bars shall leave it at the other. To this course the ore 
Itself presents no special diffiouities of metallurgy, and the only ob- 
stacles to cariying it out effectiv ely in the large way are those offered 
by the topography of the countiy, which makes the transportation 
of machinery difficult, Batopilas is bome 300 miles from the Gulf 
of Culifarnk, in the southwest corner of the State of Chihuahua, and 
is the same distance from the city of Chihuahua to the east. The only 
transportation possible is by mule back, between the limits of ISf) 
pounds for side jiackages, and 280 pounds for back packages. The 
country is exceedinglj lough and precipitous, and the se<.tionalizing 
of maeliineiy for ti’ansporUtion in such small packages, which, when 
erected, should be uniaipaiied in efficiency, stability, and value, 
offered in itself a problem of no ordiiiaiy difficulty. The peculiar ore 
to be handled, the utter lack of guiding experience with similar ores, 
and the absolute necessity of shipping only bar metal, made it iucuni- 
bent that this mill should be very carefully designed, and not merely 
be an effective plant for one method and one class of material, but 
that it should allow the widest variations both as to proceduie and 
as to material treated^ The intention was, therefore, to design a wet 
silver mill of great flexlbildi/ and power of adaptation, so that the 
most effective and economical method of treating all occurring ores 
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might be arrived at without any radical alterations of the original 
construction. 

Suiee the ore to be treated of the native-silver class admits eqiialh 
s\ell of pan arnalgaraation or concentration, and since all of theothei 
occurring ores could undoubtedly be effectively treated bv concentra- 
tion vvith or without a subsequent roasting before amalgamation, the 
plan of the imll seizes on both these methods and combines them so 
as to operate them either singly or together at the same time for dif- 
ferent batteries. This seemed the more desirable suiee^ although the 
native-sslver ore is equally amenable to either pan amalgamation 
or Goncenti*atioi}j it is by no means certain which method will give 
the most economical and satisfactory results m that locality until 
they are brought down to comparative figures on the same ore. For 
the same reason the mill has been erected as a steam mill, with the 
intention of connecting it with the existing water-power at a later 
date, in onler to allow of the fullest flexibility as to power. 

The mill is a 15-starap mill with place for 20 stamps; (See accom- 
panying plates.) It is built on a side hill behind the old Hacienda 
de Benefiojo, and consists of six steps, the lowest of which is in the 
yaid of the present hacienda. The first step consists of the ore floor, 
on which the ore is delivered flora the tramway, constructed simul- 
taneously with the mill and for the purpose of supplying it This 
tramway is one mile long, and crosses many arroyos and gulches on 
arches of masonry. It was a most expensive construction on account 
of the difficult topography. The first plan was to build an overhead 
tramway of the wire-rope type, but the exigencies of mule-back trans- 
portation made the transportation of long cables difficult and unde- 
sirable. The ore before leaving the mine yard is cobbed and sorted, 
m order to separate any high-class ore from it. It therefore arrives 
on the ore floor properly sized for the stamps without the intervention 
of a jaw crusher, the transportation of which, in even well-sectional- 
ized form, would be difficult. The ore is bulk-headed on the ore floor 
back of the stamps, and shovelled to tbe Challenge self-feeders, one of 
which belongs to each battery. On the second step are the self- 
feeders and the batteries* The stamps are 650-pound stamps, with 
10-foot stems, 3 inches in diameter, and provided with Coleman’s 
patent tappet. The stamps are throughout of the California type, 
with high mortars and separate cam shaftb. While some coarse sil\er 
will remain iu the batteries, the majority of it will pass the screens 
as a pulp. From the screens branch the pnlp-laiioders, which, uniting 
together below, form one main launder and conduct the stamped ore 
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{a the pulp-boxes on the fourth step. Beneath these launders on the 
third step are four Frue vanners, with di^^tributing launders at right 
angles. By means of gates and pUigs^ the pulp from any individual 
battery^ or from all of them, can be stopped in its course to the pulp- 
boxes and at once diverted to the necesNary Fiue vanners. By this 
means an immediate change of operation the whole niilb or for 
any desired battery^ can be effected at a moment^s notice. The pulp- 
lK>xes on the fonith step are 12 in number^ and are built of solid 
masonry j plastered inbide^ since the usual ^^ooclen pulp-boxes soon 
become useless in a tropical climate. On the pulp-boxes there is a 
tracky piovided with luin-tabies, by means of which the pulp is 
transferred by a car from the box that is being dug out, to the pan 
to be charged The fifth step is devoted to the amalgamating appa- 
ratus, which consists of six 4-foot combination pans, with cast-iron 
bottoms and wrought-iron sides, three 7-foot settlers of like con* 
stroction, one 4- foot clean-up pan, two small laboratory pans, a mer- 
cury safe, and a travelling hoist above the pans. A small Sturtevant 
blo-wer also takes power on this step for the blast to the cnpellation 
furnace. The sixth and last step of the mill contains an EngUrfi 
cupellation furnace, a retort furnace of four retorts, pot furnaces, and 
office. On the same step with the pans, but hi a separate building, 
there are two tabular boilers, 42 inches by 14 feet; and on the same 
step with the vanners are two horizontal engines, with lO-inch by 
20-inch cylinders, connecting separably, by clutches, to a common 
band pulley. The water for the mill is pumped by a Beane steam- 
pump to a reservoir above the stamps (not shown in the drawing). 
It IS proposed when the mill has got into such steady practice, 
with the use of steam, as to make it proper to throw out of work the 
machinery driven by the existing ivater-power, to make such altera- 
tions of the ditch and turbines as will allow the connection of the 
main pan-shaft of the mill with the turbines by means of wire-rope 
transmission, and by this means to insure the fullest command of 
ample power at all seasons of the year. 

The main objects, therefore, held in view for the San Miguel mill 
were (1), to erect a mill which would interfere as little as possible 
during construction, with the existing busiaCbS of the hacienda; (2), 
to design it for the largest variations in process and class of material, 
with the use of but one well-armnged plant (for a new locality, diffi- 
cult of access, and an ore never before handled by machinery, the 
largest freedom for experiment and comparison was deemed vital); 
(3)^ to give it the largest means of power, so that in the wet season,. 
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when water is abundant, and dry wood scarce, the mill can be driven 
by water-power, and, on the contrary, in the dry season, when these 
conditions are more or less reversed, steam-power can be ti^ed* The 
Batopilas River carries so abundant a vSiipply of water throughout 
the year that iu all probability the eventual practice will be entirely 
by water-power the whole year, except at times of accident to the 
water-power, when steam will promptly replace it. There may un- 
doubtedly be times when, owing to great drought or leakage of the 
ditch, the Water-power will not be ample, and in this event the mil! 
will be driven temporarily part by water-power and part by steam- 
power, a possibility contemplated in the design* 

To insure an increase of production during the erection of the 
mill, a small plant of 5 stamps, 2 pans, 1 settler, 1 Frue vanner, and 
2 turbines, was sent down with the other machinery for temporary 
use in the yard, The intention was to continue working the 3 
arrastres up to the moment of the erection of this temporary plant, 
and then to cut them off from the water-power and throw the power 
on the machinery. This was done almost in the manner planned, 
and the arrastres were given up some months since. In the same 
way, the plan was, on the completion of the 15-stamp mill, to throw 
it into work by steam-power, and then, moving the tempoi'ary 5-stamp 
mill to its pi'oper place (increasing the effective strength of the mill 
to 20 stamps), at once to make such changes of the water-power as 
would allow the 20-stamp mill to be driven entirely by water-power, 
with the engines and toilei’s in place simply as a supplementary 
plant tor accidents and emergencies. 

The ratior^ie of the method of handling the ore will be readily 
seen. The ores which can arise on the San Miguel property and in 
the district are ; 

A* Surface Orea. — Chlorides, light ruby silver, dark ruby silver, 
stephanite, and freieslebenifce (never found to a greater depth than 
200 fe^t, and iu many veins entirely wanting), 

B. Ores £ehw 9i00 feet — Massive silver (unusuai); broaa ailver 
(I silver, J cnlespar); chispeado silver (J silver, | ealcspar); clavo 
silver^ up to 800 ounces to the ton; a^ogueSj amalgamating ores, 40 
to 200 ounces. 

Of class A, none are as yet known on the San Miguel property, 
since all the workings are from a deep cross-cut tunnel. As some 
of the workings are now 300 feet above the tunnel, and daily ad- 
\ancing upward, these ores may at any time arise for beneficiation. 
Other properties in the district, of which the workings are still 



SEW Mthh AT BATOPILAS, STATU OF CillHUAHtJA^ MEXICO, 299 


slmllow, are producing more or less of tliese ores, and a Iiaadsome 
profit can at any time be made on their puiehabc. 

The main ore of the district is shown in class of which only the 
massive solid silver is unusual. Since the mill is designed mainly 
for these ores the procedure with them will be first spoken ot 

I, Tlie bro«a and chi^peado ores will be stamped either wet or 

dry (in the latter case with a hornsoiital screen) for the obtaining of 
slamp If stamped wet, the operation will be in one of the 

batteries of the main mill, through a screen, sending the pulp by 
the iaunders at will either to concentration or pan amalgamation. 
If stamped dry, it will be done by a 3-stamp Nova Scotia battery, 
with open front and horizontal screen (not shown in the drawing), 
which has figured prominently in this operation in the past history 
of the property. In either event, the stamp silver will go to scori- 
fication with lead (as in the past), or direct smelting, with lead or 
galena, in a cupola, if this is found pieferable, and then to ciipellation. 
i n case of smelting in a cupola, the stamp silver would need a quartz- 
ose flux for the calcspat*, while, in seonfication, the carrying off of 
the calcspar is purely mechanical by means of the litharge, and gives 
rather heavy leases in lead and silver. 

II. The ciavo and azogues ores are the main raison d^Hre of the 
mill under discussion. They run from 40 to 300 ounces in native 
silver. While the clavo ores (containing nails and tacks of silver 
sparsely sprinkled in them) are greater than the brosa and chibpeado 
in amount, they are far less in amount than the azogues, or amal- 
gamating ores, with which brosa, ehi&peado, and clavo silver are 
surrounded. These two classses of ore being fed by the Challenge 
feeders to the several batteries, pass througli the screens to the 
launders, and the pulp goe* directly to amalgamation, or to concen- 
tration, since these ores can with equal facility be either amalga- 
mated or concentrated. 

In case of amalgamation every two pans empty into one settler, 
and the amalgam discharges continuously from the settler by eup- 
and-siphon connection to the amalgam safe, in which it is strained 
The amalgam goes from the strainer to the washing-pan, and it is 
hoped that by this mechanical washer the amalgam can be thoroughly 
freed from pyrite, mispickel, and blende, and that the retort silver 
will be very fine The old practice with the arrastres, where the 
amalgam was washed by hand, gave a retort so full of blende and 
pyrites as to necessitate oupellation of the retort silver in order to 
produce fine bars. 
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In ease thestj, classes of ore go to concentratJonj the tailings^ if 
valuable, 'will go to the puip-boxes, and the concentrates be treated 
either by adding them directly to the charge m the pans, or they 
can be added directly to the charge of stamp silver in seoriflcation. 
In stamping these clatsses of ore some stamp silver will undoubtedly 
accumulate in the mortars, consisting of spikes, nails, and tacks, 
which cannot pass the screens. This will be removed periodically, 
according to its amount, and added either to the pan-eharge or to the 
scorification-charge. The mill can, as shown, work these ores at any 
tune, entirely by amalgamatiou, entiiely by concentration, or in part 
by amalgamation and in part by oonoent ration. 

111. The ores of clabS A, or surface ores, although never great ia 
quantity, will be continually aiisnxg, oither from this property or by 
purchase. Can this mill handle them? The chloride ores can be 
tieated as though they, were native silver ores, and be stamped with 
them for the pulp-boxes and amalgamation. The ruby silvers, the 
black silvers, the freieslebenite, dufrenoysite, etc., when arising in 
sufficient quantity to warrant it, can be confined to one battery, and 
the pulp from this battery can go to the vanners for concentration. 
In such concentration 70 per cent, of the black silver and freieslebe- 
nite would be obtained, but probably not more than 40 per cent of 
the ruby silver. These concentrates wmuld be roasted and then sub- 
jected to amalgamation, or direct reduction with lead, and the tail- 
ings would go to special pulp-boxes for treatment, in a special pan 
or series of pans, either alone or with a large pre|>onderance of na- 
tive-silver pulp, and the use of chemicals. In thia way, it is believed 
that an excellent percentage of value can be taken out of such small 
quantities of base ore as arise, although it is not assumed for a moment 
that nearly as good results with some of them (e ruby silver) 
can be attained, as with a dry mill especially adapted for them. 
They are, however, only accidental ores of small quantity, from which 
this mill can obtain far larger profit in the manner designated, than 
has hitherto been possible. 

A few words as to methods of sectionalizing a mill of this de- 
scription. The etamf-dem are 10 feet long and 3 inches in diameter, 
bevelled at either end; the weight of each is about 230 pounds, and 
though a load of inconvenient shape, one was easily carried by a 
mule, with some other weight in addition. The mortars needed 
special care in designing, not merely that they should fulfil the con- 
ditions of mule-back transportation, but that they should be really 
effective tools when assembled. They are 52 inches long with 9| 
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inches between stems. The bottom of eaeh is made m Jive pieces, 
dovetailed together, with tooled surfaces rendered perfectly tight 
with a rast-jomt. The housing of each is boiler-iron, cut, fitted, and 
punched before shipment, and joining the east-non bed by dovetails, 
rust-joints, and bolts, so as to be absolutely water-tight. Each mor- 
tar ife provided with cast-iron lining-plate^, sect lonali zed, so that the 
wear shall not come on the housing. The pons aiid setilm have sec- 
tionalrzed cast-iron bottoms, dovetailed, rust-jomted, and bolted, 
and boiler-plate housings, sectional mailers, dies, and lining-plates 
The shafimg was all shij^ped m lengths of 6 to 10 feet. The pulleys 
were shipped in the form of cast-iron hubs, to be built up in wood 
to the proper size. The boilers were shipped as formed, punched, 
and marked plates, boiler-tubes, etc., and had been carefully assem- 
bled before shipping. The stacks were sent forward as punched and 
formed plates. The engines and fl} -wheels were not of a size to offer 
difficulty in sectionahzmg. All of this material was sectionalized 
successfully between the limits of 150 pounds for side packages and 
280 pounds for back packages, and, to the credit of the Eulton 
Fouhdry, San Francisco, not a single package was found too heavy 
for mule-rtransportation, either of the 70 tons comprising this mill, 
or of some 40 tons additional of like raachiiieiy for two smaller nulls, 
designed and sent on at the same time. This machinery was trans- 
ported from San Francisco by steamer to Guay mas, Sonora, then re- 
shipped by schooner to Agiobampo, 300 miles southward, between 
Mazatlan and Guaymas From Agiobampo ir was earned forward 
by mules in relays The first relay consisted of Tierra Caliente 
mules, unaccustomed to the mountains, carrying their freight as far 
as El Fuerte. The second relay took the freight partly Into the foot- 
hills of the Sierra Madre, and the third lelay, consisting entirely of 
mountain mules, carried the freight ovei the mountain trails to 
Batopilas 

The cost of the 15bfamp mill complete, as delivered from the 
shop, was $17,000, and it was shipped from San Francisco, January 
lOlh, 1881. The extraordinary floods of an early rainy season, and 
other cau'^es of a purely tropical character, delajed the completion 
of the mill until December, 1881. That it will have a great history 
tjiore is but little doubt, as the property is a remarkable one, and the 
jOre developed for the mill during its construction is said to amount 
to its capacity for three or four years ahead. The mill is designed 
to run 2 tons to %he stamp per 24 hours, and it wall, not improbably, 
do better duty with these calcspar ores. Fifteen to twenty ‘Jfrijjps 
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v;ere selected as the best experimental niediiim, and while subsequent 
milk m this locality will undoubtedly differ in some partictilarto from 
the mill of ISan Miguel, this mill will give facts and figures by 
means of which a more perfect mill, if needed, can be designed with 
a sure hand. 

This null -was planned with the professional co-opeiation of Mr. 
John Magnus Adams, of San Francisco, a member of this Institute, 
to whose thorough knowledge of milling it owes many valuable 
poiut&, especially as to the novel position of the Fruo vanners. The 
snjxM’vision of the work while under construction in the shop, and the 
shipping of the finished plant," were also intrusted to this gentleman. 
It was erected under the supervision of Mr. Walter M. Brodic, 
a member of this Institute, late Superintendent of the Minas ZST novas, 
Alamos, Sonora. 


iroTE oir MAmAWMSE m Bessemer rail-steel. 

BY JOHJSr W. CABOT, JOHNSTOWIT, PA. 

The following series of analyses, which may be of interest to 
Besserner-sceel makers, is submitted as a contribution to the much* 
vexed discussion of manganese in Bessemer steel- They were made 
by the wi iter in the spring of 1881, at the works of the Pittsburgh 
Bessemer Steel Company Limited, during a period of about eight 
day??, part of which time the rail-steel showed gieat variation in 
rolling qualities. 

During the fii'st part of tlie time in question, it rolled well ; 
later on it began to roll \vorse until, finally, it cracked very badly, 
reaching its woi'st stage. After this it rapidly improved until it 
again rolled smoothly. During this time of transition from good 
rolling to bad, and hack to good again, the course of the manganese 
was followed quite closely. It is the striking cOj re'^pondenee be- 
tween these varying manganese contents and the diifereiieos in rolling 
which is here presented as worthy of notice. The other ordinary 
elements wei’e determined occasionally, but showed my unusual vari- 
ation The steel, in question, was ordinary raiLsteel of about the 
following composition : 

P«=.08. Mn«=.98. Si = .08. 3 ==05 

The samples for manganese determinations were taken at fii'st 
from an average of two days^ work, and later on, when tlie steel 
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rolled badhj from smgle blows, which w'ere considered fairly to 
lepresent the condition of the steel at the time. In regard to the 
mechanical condition and treatment of the steel, it was made just as 
nsualj even more care being taken with the mixtures^ the heat at 
the vo&fedl, the easting, and e\ery detail of manufacture hkely to af- 
fe^'t its roliiijg; while, in the bioomiiig-mul, extraordinary pains 
weie, of course, taken with the heating and i oiling. 

r<>]lowing IS a tabulated statement of the manganese percentages, 
wirh corresponding observations on the robing qualities of the steel, 
and c]«o the dates on which *ample^ \vere t<(,ken 


Date 

^Mantrane'ie 

Slu i lolled 

Apm I4tn and loih 


Well 

I 61 I 1 and letli 

SM 

Well 

“ 19 th 

u2 

Medium 

20tli 

57 

Badljr 

“ 21at 

4b 

Badly 

“ 21&£ 

43 

Very badiv. 

“ 22d 

75 

Medium 

22 a 

10$ I 

! 

Well 


X curve is alao given in the accompanying diagram drawn with 
manganese percentages, as ordinates and days on which they were 
determined as absci»sae, each Jarge vertical space representing .1 per 



cent, <yf manganese, the horwnlal distance feeing davs. For com- 
parison with tins, an approximate cm ve of rollmg is shown m dolled 
lines, being plotted with horizontal distances as days, as before, and 
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v^ertical spaces representing tine rolling o? the steel from to 

^very badly 

in this series of results the manganese apparently the only 
element j either m the chemical composition or mechanical eonstita- 
tion, which varied at all commensurably with the variation in the 
rolling of the steel. It would seem fair, therefore, to attribute to it 
the vaiiation. 

It may be noticed, in this connection, that we have here an in- 
stance of rarhsteel made on a formula somewhat similar to Dr* 
Dudley’s, the result of which was decidedly unsatisfactory. 


irOTBS ON TEE LAEGE BLASTS AT TEE GLENEON 
LIMESTONE QUAEBY. 

BY PBANK BIEMSTONE, OLENDOK IBON" WORKS, EASTOK, FA. 

Since the blast fired August lt5ch, 1878, which was described by 
Mr. Clark, ^ and up to November, 1881, we have fired three smaller 
blasts, one in the southwest corner of the quarry^ and two in the but- 
tress of rock left standing by the first blast near the mouth of the 
mam gangway. 

We intended to keep an exact account of the stone thrown down 
by each blast, but the large quantity lequired by the furnaces since 
the beginning of 1879, and the time taken up by more important 
matters, have caused this to be neglected, so that it is not possible to 
separate exactly the cost and quantity of stone obtained during this 
time by the old method from that furnished by the large blasts ; yet 
as the latter quantity has been n’mch greater than the former, some 
notion of the value of theJarge-blast plan may be reached by com- 
paring the figures from September, 1878, to November, 1881, with 
those for times when the old system was exclusively used. 

Since 1878 wages have been laiaed, lowered, and again raised, and 
to get a year of sufficiently large production for fair comparison it is 
iieccssarv logo back to that ending April, 1872, when wages and 
su[>})li(>s were different from present prices and from those of 1878,. 


* Transactions, vol vii, p 266 
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For this reason the two most important items are 
quantities only and not in money . 

Apnl. l'=i7A, 

Apnl, 1S72 

Stone delivered to furnaces, * 58,051 tons 

Stone per pound of powder, * . 

Stone per man per day, . 


given below m 


Sept m, 1&7S to 
ior Ibt, ISftl 

190,180 tons 




The labor inoludes sledgmg all stones above about one foot oube^ 
loading on cars^ and delivering by borse-pover over a railroad about 
a quarter of a mile long to tbe furnaces, and dumping there ^ the 
powder includes all that used in block boles and driving gangwajs^ 
in addition to that used in the large blasts 

Steel, tools, and supplies show a considerable proportionate re- 
duction, but the money value of this item is small in both cases 
There has been a slight reduction m the average grade of labor 
employed, and a corresponding reduction m average wages com- 
pared at the same rates 

In addition to the great reduction in powder and the considerable 
inciease in product pei man per day, we consider the method by large 
blasts as decidedly safer than the old plan* The chances of blasting 
accidents are greatly reduced by doing away with the sand blasting ; 
there is no climbing along the face to drill and blast, and very little 
to “ bar’^ down loose stones, and the loaders and sleclgers, working 
generally at a greater distance from the face, are less exposed to in- 
jury from falling stones. 


OOlS^TBIBrTIOjS^S TO THU MHTALLVHGT OF mCKFL AHH 

OF GOFPFB, 

BY W K 0* EUSTIS AKD H. M. HOWE3, BOSTONS' 

The processes which form the subject of this paper have been 
experimented on in the laboratory of W. E C* Enstis, but have 
not passe<l beyond the experitnental stage. The first is the invention 
of Mr J L. Thomson, of Capelton, Quebec, Canada, the others have 
been invented by the writers 

Thomson's Pkocess foe the Exteaction of Nickel* 

This consists essentially in first rendering the nickel magnetic, and 
then sepaiating it from the materials with which it is mechanically 
YOL s— 20 
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mixed by means of a magnetic separator. In the case of oxidized 
compounds of nickel it would generally be desirable to bring the 
nickel to the metallic condition, m -nhich it is most highly magnetic 
The compounds of nickel with sulphur would probably, in the ma- 
jority of cases, be most readilv separated by bringing the nickel ap- 
proximately mto the state of subsulphide, in which condition it is 
also magnetic. 

In most cases wheie nickel occurs with a considerable proportion 
of the heavy metals it would be best to effect the magnetic sepaiation 
before fusing the raateiial, since, on fusion, the nickel would enter 
into a chemical combination with the other metals present, as an al- 
loy, matte, speise, or similar compound, from which, of course, the 
magnet could not separate it 

For cases where nickel occurs with a laige proportion of iion, the 
following plan has been pioposed by the writers^ The either natu- 
rally or artiticmlly oxidized compound of nickel is tieated with a 
mixture of carbonic oxide and carbonic acid, or of othei i educing 
and oxidizing gases, in such proportions that they are capable of 
reducing nickel so nearly to the metallic state as to render it mag- 
netic, but still containing so much carbonic acid or other oxidizing 
gas as to be unable to reduce iron to that condition. It cannot be 
positiv^ely stated that it ls possible in this way to render nickel mag- 
netic without at the same time rendering iron magnetic, but experi- 
ments made by the winters render it probable tiiat this can be 
effected. Having rendered the nickel magnetic, it can then be 
sepaiated with the magnet from all matter with which it is me- 
ehanicaily mixed. 

This method of reducing nickel with a mixture of gases not suf- 
ficiently reducing to render iron magnetic is an application of a gen- 
eral method patented hy the writers. 

Experiments tried with the nickel ores of Orford, Quebec, Canada, 
which contain a small portion of pure millerite, with calcite, pyrox- 
ene, and chrome garnet, gave a concentrate containing over 60 per 
cent, of nickel. Cobalt would probably, in most cases, follow the 
nickel into the concentrate, 

MAaKETic Process foe Surphueettbi) Copper Ores. 

The ores of the Crown Mine, at Enstis, Quebec, Canada, contain 
chalcopyrite, pynte, maroasite, and intermediate compounds, contain- 
ing copper in every possible proportion from nothing to 30 percent ; 
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these sulphuretted mineials is m^xecl a variable -imourit of 
siliciotis gangne The ^Titers found that^ on binning these ores 
III heaps or in kiliiSj all the sulplmietted niineials became mag- 
netiCj so thatj on making a magnetic separation* the vhole of the 
copper passed into the concentrate onlv a trace being found 
in the non- magnetic portion Although ti e raethoil is inap- 
plicable to the Crown ores on account of the sma"*! amount of 
gangue which they eontam, yet sulphuretted ores of copper mighr, 
in many cases^ be thus treated advantageously if they contained 
much gangue. 

The necessity of first pulverizing the burnt oie 1*=^ a drawback to 
this as to all other methods of concentiatiouj since the difficulty of 
any subsequent fusion iSj, of coarse, greatly increased by the fine 
state of division of the ore ; it places, however, the concentrate m an 
excellent state for treatment in the wet way. The consumption 
of power ID pulverizing a burnt ore is very much smaller than in 
pulverizing the same ore when raw, which is so much to the advan- 
tage of the magnetic separation as compaied ivith the ordinary me- 
chanical vseparation. 

The following obvious extension of the above principle is pro- 
posed by the writers : Any metal existing in chemical combination 
with any oxide or sulphide of iron, or nickel, or cobalt, or with any 
other combination of either of those metals capable of being rendered 
magnetic, can be separated by the magnet from all gangue and other 
materials with which it is mixed, excepting such materials as would 
necessarily be rendered magnetic by the treatment which renders 
magnetic the metal which it sought. 

The separation of gold bearing pyrites from quartz and other 
gangues might sometimes be advantageously effected in this way. 

IfLECTROEYTIC MbTHOP FOR SeFARATIJTG NiCKEL AND OTHER 

Metals 

This process consists essentially in the precipitation of nickel and 
other metals from their molten slags, on baiB of iron or other metai 
inserted in the slag The process of Rivot and Philipps precipitates 
copper from its molten slags on iron bars. Our experiments prove 
that not only iron, but even copper precipitates nickel from its fused 
silicates, and, conversely, that neither nickel nor copper will pre- 
cipitate iron from its slags, nor will nickel precipitate copper from 
cupreous slags. 
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Id the experiments, an oxidized salt of the metal which we 
sought to precipitate was fused with silicates of iron and lime, and 
with nitre or some other strongly oxidizing flux, to insure the com- 
plete oxidation of the metal before the attempt to precipitate it was 
made. After complete fusion, we inserted into the slag a bar of the 
metal on which it was proposed to precipitate the metal contained in 
the slag. 

On suspending iron bars in nickel -bearing slag, they were 
rapidly coated with a beautiful covering of nickel, in many eases 
adhering tenaciously, and having o surface resembling Etruscan 
gold in texture. The nickel, as it precipitated, would run down 
the sides of the bars and trickle from their ends, forming lit- 
tle buttons m the bottom of the crucible. These buttons con- 
tained considerable quantities of iron, although the iron bat's were 
suspended some distance above them. From this it is to be 
inferred that the iron alloyed with tiie freshly-precipitated or 
nascent nickel while the latter was running down its sides. Whe- 
ther 3t would be possible to precipitate nickel at bo low a tempera- 
ture that iron would not alloy with it, we cannot state, but that 
nickel is precipitated from its slags at temperatures considerably 
below its melting-pomt is indicated by the following experiment: 
When copper bars were inserted in a melted nickel-bearmg slag, 
the sides of the bars were rapidly coated with metallic nickel. 
Now at the point of contact of the slag with the copper bars, the 
slag can have been but slightly above the melting-point of copper, 
and therefore far below that of nickel. For the solid part of the 
copper bars cannot have been hotter than the melting-point of 
copper. The melted layer of copper (if any) on the surface of the 
solid portion must have beeu very thin, as otherwise it would have 
trickled down the sides of the solid portion, and, being very thin, 
its outside surface can have been but little above the surface 
of the solid portion, which latter could not have been hotter than 
the melting-point of copper ; and, finally, the layer of slag which 
was in contact with the thin film of copper on the outside of the 
copper bars must have been but infinitesimally hotter than the surface 
of that melted copper. Nevertheless, from the comparatively cool 
surface of contact between the copper and the slag, nickel did rapidly 
precipitate. 

To make this precipitation of metals from their fused slags 
more thorough and rapid, we propose to pass a current of elec- 
tricity through the slag while it lies melted on the hearth of a 
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reverberatory or other suitable furnace The furnace-bottoni would 
be made the anode of the earrent, and the metailic bars inserted 
into the fused slag would act as cathodes. In noaBj furnaces the 
bottom contains sufficient metallic matter to make a v^eiy efficient 
cathode, but a carbon bottom, such as has been used foi the produc- 
tion of ferromanganese on the open hearth, would probably act 
much more efficiently. 

The w’^riters hope at anothei' time to present to you further 
facts as to the relative positions of the metals on the scale of 
electropositiveness at th^e high temperatures, and in &iags of differ- 
ent compositions and different degiees of acidity. 


ELJSCTBICAL AFFAEATUB Al^D FBOOUSBEB FOE TKE 
MmmO AFI) METALLUEGICAL EFGIWBEB 

BY X, S. BOEITH HEW YORK CITY. 

JTo one of the live subjects of the day, to which the attention of 
the mining engineer and metallurgist should be turned, is of greater 
practical interest to him than electricity in its applications to various 
mechanical, chemical, and metallurgical operations. The object of 
this paper is to call the attention of my fellow-membei'S and asso- 
ciates of the Institute to various new, as well as compaiatively old, 
developments in the science and art of electricity which seem to 
promise results of advantage. 

Too many of the comparatively old applications have been ne- 
glected by the mining engineer, which, if he had given them a place 
among his appliances, would have assisted him greatly. The tele- 
graph may be noticed as one. Its use is, however, confined to a 
person having skill in the manipulations of the key, the reading of 
the alphabet, and familiarity with the sounder. One of the iiimpler 
forms — the call-bell — has a range of application far greater as to 
distance and convenience than the old wire-pull, or the hoarse voice 
of the windlass-man or the bucket-dumper. A few Leclanch^ cells, 
two or more electric bells, and a mile or more of wire judiciously 
placed will put the superintendent, at his office, m commnntcation 
with the foremen of his mills and mines, so that by the aid of a code 
of signals, great advantages may be gamed without necessitating 
a knowledge of the Morse alphabet, or of the mechanical voice of the 
sounder. The telephone furnishes a means of communication be- 
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tween the often widely separated places of duty^ which will save 
many a step, much loss of time^ and wear of horse and body It 
can be used by anyone w'ho can speak. 

But I wish to call attention particularly to a description of new 
applications of electricity which the miner and metallurgist wdll 
find, before long, so essential to his profession that their theory and 
practice will be taught m the schools the same as metallurgy, mnier- 
alogj, and chemistry now are. That which we may call the new 
electricity is due to the practical development of the theory of the 
conservation of energy, and the consequent production of mechanism 
for the generation of curients of electncity of any desired quantity 
and tension. So new is this electncity, m fact, that even the re- 
cent graduates of the mining schools know little or nothing of its 
modes of production or oi its applications in practice, 

I will speak of the new apphcacions which are the result of the 
extensive production of machinery for generation of electricity. 
First comes that which appeals sensibly to the eye — light Tt 
has been fully determined that there is no light, except daylight, as 
cheap as that produced by the voltaic arc i none so pure in color, 
none so bright Many arc lights are in use in rolling-nulls, maclune- 
shops, hydraulic mines, surface works, and other places. The minor 
needs the electiie light in the shaft-house, the stamp-mill, and at 
the furnace. If he has no engine at the shaft-houvse the one at the 
stamp-mill or furnace can be used to run an electric gencraror, so 
that not only his shaft-houses can be illuminated, but also his mill 
or furnace, and even the road between, much cheaper than he can 
produce one-tenth of the light by the use of candles or kerosene, 
and with much greater safety. 

It IS doubtful, however, wliether the voltaic-arc light wall be of 
any great practical utility in narrow veins of mines, because the 
light produced is too great in quantity and much more than is 
needed, by far, in the narrow space. Nor in the headings or htopes 
IS it applicable, as it requires m such places too frequent moving. 
The work at the new railroad tunnel through Bergen Hill, at Wee- 
hawken, is successfully and economically lighted by eleven arc lights 
placed upon the circuit from one electric machine, two and one-half 
miles long. The conductors are of well-msulated copper wire, ear- 
ned along the ground, upon poles, down and up the shafts, and into 
the various headings. The men can do more and better work in 
the good light. In lighting the banks at hydraulic mines, ui iron- 
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ore pits, in open cuts of railroad work; in fact^ in all large spaces 
in which night-work is carried on, this light has no equal. 

Take now^ some of the applications of electricity winch can be 
used by the miner and metallurgist if he has at his main engine, or 
water-wheel, a suitable generator of electricity. He may be sink- 
ing a feliaft at the top of a mountain where it would be impracticable 
to place or operate a steam-engine. If he places there an electric 
motor, and connects it with a generator by conducting wii'cs, he 
will have power at his command at the sluft, which, by the meie 
turning of a switch-handle, will work the whim or windlass, and 
hoist ore or rock, or work a pump I have an instance at hand 
where electricity is now used in mming for the transmisbion of power, 
m the Loire Valley, in France, at the works of the Compagnie cle 
la Ferixmi^re- One Gramme machine is employed as a generator of 
electricity, and another as a motor attached to a drum which stands 
at the head of an inclined plane 1 10 meters long, with a grade of 4 
centimeters per meter. The generator is 1200 meters from the 
motor* The load raised is about 800 kilograms (1760 pound"), and 
the ascent is made in one minute and a half The work goes on 
with great regularity. The starting and stopping can be done as 
gently as desired. By means of a galvanometer in the circuit one 
can tell at any moment what is being done at the incline, whether 
the work is stopped, whether the wagons are coming up filled, or 
not, etc* The work is about two-thirds of a horse-power, 

JBy means of this current one can ignite blasts, and work elec- 
tric drills, which are said to be economical in comparison with the 
steam drill. The operator can stop and start the drill at will, 
and liave all the advantages of mechanical movements without the 
constant, personal attention of an engineer at the shaft. He can 
light all his works from a central station at the mill, or other place 
where he has available powder Branch wires can be taken to the 
laboratory, where the electric current will aid him in his analyses 
and tests, and with it ho can heat, boil, cupel, roast, and perform all 
the oporations of the laboratory which require heat, power, or the 
determination of chemical afiinity. It will detect imperceplible 
flaws in iron and steel bars, and determine the amount of carbon in 
Bleel. Think of melting metals by the fall of water ! The sugges- 
tion of it even, not so many years ago, would have secured our ex- 
communication. 

It would take too long, and far exceed the proposed limits of this 
paper, for me to enter into the particular modes and apparatus for 
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carrying on the various operations winch I have enumerated ; but 
I will briefly describe a few practical operations which can he car- 
ried out on a large scale 

Tor quite a number of years^ in the neighborhood of Swansea, in 
Wales, a method of refining copper and separating such gold, silvei, 
and other metals which the impure copper may contain, has been 
m practical opeiarion on a large scale. Plates of black copper 
aie made the anode in an electrolytic bath, consisting of a solution 
of sulphate of copper. Other thin plates of pure copper are made 
the cathode in the bath. By the electrolytic action of the cuireot, 
produced by an electric generator, copper alone is dissolved from the 
black copper, and is deposited in a pare state upon the cathode. The 
impurities of the black copper sink to the bottom of the vat, and 
are removed from time to time and treated for their contents of gold 
and silver The cathodes, as soon as they have reached the desired 
weight, are removed, and the copper thereon is melted and cast into 
ingots for the market. This process has been found more economical 
than any other for accomplishing the same result. 

An analogous process is the one invented by me for the refining 
anddesilverization of base bullion. The bullion, m plates, is placed 
in a solution of acetate of soda and sulphate of lead, and is so con- 
nected with the source of electricity as to be an anode, while plates 
of other metal are the cathode. Lead is dissolved and deposited 
electrolytioally; and the deposit is practically pure. I have invented 
an improvement on this process, which consists m taking the skim- 
miDgs of zinc, lead, and silver, which come from the kettles in the 
process of desilveiization by means of zmc, and putting them xn 
bags as an anode, dissolving both tlie lead and zinc, electrolytically, 
and depositing them together as an alloy, or mixture, upon the 
cathode plates The contents of gold, silver, etc., are retained in 
the bags, and are treated for these metals by smelting. The com- 
bmatiou of pure lead and zinc is removed fTOm the cathode and 
added to the next, or some other succeeding lot of base bullion, put 
into the kettles for desilverization, and in that manner the process 
continues. In place of treating the whole mass of buHion by electro- 
lysis, I get, in the first place, by the zinc desilverization, say, 80 per 
cent of the base bullion as market lead; and, say, 22 per cent, of a 
mixture of rich lead and zinc, which goes to electrolytic treatment By 
adding then, the pure lead and zinc to the succeeding lot of bullion, 
I effect the desilverization, and remove from it, as market lead, an 
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amount approximately equal to the quantity of lead which is in the 
bullion placed in the kettle 

The process which has within a year or two been reintroduced by 
Siemens for melting steel by electricity can be applied to melting 
other metals and materials. The apparatus for this operation is 
comparatively simple. Take a black-lead crucible of proper size 
and put it m another suitably larger, and in the space between the 
walls of the two pack some good non-conduoting material like as- 
bestos, Introduce through a hole in the bottom of this combination 
a carbon rod, like one used in the electric arc light, and lute around 
it well with a paste of clay and graphite, so that it forms a con- 
ductor to the interior of the inner crucible. Next provide a cover, 
with a hole in the centre of a size to admit freely another carbon 
rod. Now place above the crucible the mechanism of an electric 
lamp so that the carbon carried by its movable rod can enter the 
crucible through the hole m the cover. Place in the crucible an 
amount of steel, or other metal, put on the cover, pass through the 
hole in it the carbon rod, and connect it with the movable carbon 
carrier of the lamp ; connect the body of tlie lamp with the positive 
pole of the current generator, and then connect the carbon which 
passes through the bottom of the crucible with the negative pole. 
Immediately the upper carbon will be automatically withdrawn 
slightly from contact with the metal m the crucible and form a vol- 
taic arc at that place. Fusion goes on rapidly, so that some pounds 
of steel can be fused in twenty minutes. The lamp mechanism serves 
to keep the carbon rod at its proper separation from the metal 
Siemens says that there is no other equally economical mode of 
fusing small amounts of steel, because there is none which so con- 
centrates the heat upon the material which it is desired to fuse. 
In fact the fusion takes place before the outer crucible is raised any 
considerable degree in temperature. 

The latest development in electricity is in the so-called ^^storage^' 
of it. By the term storage of electricity/’ I do not desire to be 
understood literally, any more than I would bo so understood in 
speaking of the store of heat in coal It is merely a convenient 
term, which avoids giving a chapter in physics. The first stor- 
age of electricity, other than in its so-called static condition, was 
effected by X^lante hi his well-known secondary battery. In this 
case, ae in all subsequent arrangements for storage, energy is absorbed 
in the decomposition of water by electricity, which is again given 
up m a current of electricity when the proper circuit is furnished ; 



314 


ELECTKIOAL APPARATUS AND PROCESSES. 


or, better said, \\hon the proper association of materials is made. 
The value of this arrangement of Plante, and the scope of appbca- 
tion of its modifications has not been recognized until recently. 

There is nothing to be gained by expending zinc and acid for the 
production of electricity to effect chemical decomposition for sake of 
the subsequent reverse action as electric current, for the batfceiy can 
be used directly whenever such current is desired. But the recent 
mechanical means of generating electricity have so cheapened its pro- 
duction that it is now sometimes desirable to store up the electricity 
produced, as it were, in some portable form, so that it may be util- 
ized m a place which is not available for its direct production and 
use 

The line of development which has received the greatest attention 
n the one of which Piant^^s secondary battery is the type Faure^s 
arrangement is die most prorninent. The capacity of both depends 
upon the porosity of the surfaces of two lead plates; one in con- 
nection with the positive, and the other with the negative pole of a 
source of electricity. Plant^^s cell aequi red its Iim ited capacity by the 
result of repeated oxidations and reductions, effected electrolytically, 
of the surfeces of the lead while in a bath of acidulated water. 
Faure increased this capacity by applying a coating of oxide of lead 
directly to the lead plates, so that the increase on a given surface^ in 
comparison with Planters, is in the proportion of 2000 to 75. 

The operation of charging and discharging these cells is as follows: 
A source of electricity, having an electromotive force somewhat m 
excess of two volts, is connected, as before stated, with the two lead 
plates in a bath of water acidulated by sulphuric acid, and the cur- 
rent m allowed to flow in them fora time, limited by the current and 
capacity. The result is that the coating on one plate is peroxidized, 
and the other has its coating of oxide reduced to metallic lead. If 
the source of electricity be then disconnected, and the wires which 
are attached to the lead plates be kept separate, the charge will be 
only very slowly dissipated. Bat if the wires be connected, either 
directly or through any conducting substance, an electric current 
will flow in the reverse direction to that which was passed through 
the arrangement from the source of electricity, until the original 
condition of oxide on both plates i& resumed. The action of the 
current through the plates is first to decompose the water of the solu- 
tion in which the plates are immersed ; the oxygen goes to the posi- 
tive plate and is alisorbcd in jieroxidation, while the hydrogen goes 
to the negative plate and acts there as a reducing agent, making 
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metallic lead from ilie oxide The reverf?e action takes place when 
the ^ires are connected So it will he seen that the original electric 
ourient determined a eheniical affinity, which, when circiinibtaneete 
allow, reastoorts iteelf \’iith xiie development of a current of electrieltj. 
On a fa till e occasion I expect to be able to desenbe a storage battery 
of my own invention, the paiticulars of which I am not at pres- 
ent prepaied to give. 

Sir William Thompson found one million foot-pounds of electrical 
energy stored m a box weighing, with its contents, 180 poundb, made 
by Faure, at Pans, which he set fiee by use in Scotland 

The decomposition of only one pound of watei by electricity ab- 
boibs about 5,300,000 foot-pounds of energy, which can be diawii 
at will from the siorage battery through an electric motor. This 
equals 2^ hosse-fiower for an hour. The waste of power m the pio- 
cess of storing is nut yejb wel! determined, but the economic lesults 
piomise to be favorable, and if expectations be realized, the applica- 
tions of bottled electricity’^ will be many. 

LlSCtJSSIOX* 

Prof. 0 O. Thompson; Can you give me any information with 
regard to a poshible pollution of the atmosphere by the electric light 
through the formation of compounds of oxygen with nitrogen? 

Mh. Keith I cannot say that there are any specific data on this 
point Ozone Is probably formed, and that may possibly act upon 
nitiogen of the atmosphere to form nitric acid. Some investigators 
have said that nitric acid can bo detected in the neighborhood of the 
voltaic arc, but not in deleterious quantity. Ozone acts to oxidize 
organic matter, and to that extent may be a puufier of the atmos- 
phere. 

Me. G. W. Maynard: I am glad to bear testimony to the 
utility of the electric light in mills. I have seen it m use m several 
mills haviisg from twenty-six to sixty stamps, with great success. 
The apparatus used were generally those made by the Brash Com- 
pany, and of the arc type The light has a very penetrating qual- 
ity, esj>ecially uaeful hi the dust of dry stamp-mills. Under its 
use the amount of work done by employes is very materially in- 
creased. 

Electricity is used for the refining of black copper in South Wales, 
by the Messrs, Elkiugton, I believe they use a chloride solution 
iiitotead of a sulphate, so that insoluble chloride of silver is formed 
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at the anodes. A very large number of tanks are used^ and the 
electric generators are tho^^e made by Wilde^ of Manchester^ Eng- 
land, This process is also in use at Mansfield, Hamburg, and other 
places in Germany. 

Mr. H. M. Howe Will Mr Keith tell ns ^vhether one pound of 
his apparatus, including apparatus and contents, will (3ontain as 
much energy as one pound of coal ; and also, roughly, what will be 
the cost of 1000 foot-pounds as stored in this manner, that we may 
see how the cost of energy so stored compares with its cost when 
stored in coal ^ 

Mr. Keith- The comparative aggregates of energy are due to 
the combinations of two elementary substances m ea<jh case In one 
to the union of oxygen and carbon for heating water m the produc- 
tion of steam for an engine ; and in the other case to the union of 
oxygen and hydrogen to form water with an incidental current of 
electricity. The arnount of energy due to these unions is well known. 
Twelve parts of carbon combine with thirty-two of oxygen to form 
forty-four of carbonic acid, with a freeing of energy equal to about 
11,000 foot-pounds Two parts of hydrogen combine with sixteen 
of oxygen to form eighteen of water while 6800 foot-pounds of en- 
ergy are freed. Our best st^am apparatus utilizes soaicely 10 per 
cent of the energy due to the combustion ; bat it is a very poor 
electric motor which will not utilize more than 60 per cent, of elec- 
tric energy supplied to it* Some recent maclunes are said to utilize 
from 85 to 90 per cent. Thus it will be seen that, pound for pound, 
the electric energy is the greater. The energy due to the union of 
oxygen and hydrogen to form a pound of water exceeds five million 
foot pounds; and this can be stored for use electrically m apparatus 
weighing not two hundred pounds, 

Mr. Howe : So there is more available power in one pound of 
your machine than m one pound of coal ^ 

Mr* Keith: I cannot now say tliat when we take into considera- 
tion the weight of apparatus. But in the matter of materials which 
go to develop the energy ; yes, and in the proportion of about four- 
teen to nine. And in the matter of available energy, this is prob- 
ably large enough to more than counterbalance the weight of ap- 
paratus. 

Prof. Silliman of New Haven ; I have had some experience in 
the deposition of copper by the dynamo-electric machine, both practi- 
cally and theoretically. The process may, in my judgment, be made 
a commercial success. In the particular instance to which I allude 
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it was not oonomercially successful for the want of a large enough dy- 
namo We had not at that time one of sufficient quantity One 
was begun by Mr Weston, at Newark, of suitable magnitude, but 
failed of completion owing to destruction of his works by fiie It is 
merely a question of cheapness of power and the use of a suitable 
dynamo, always with the understanding that the attempt must not 
be based upon doing work beyond the capacity of the dynamo. 

Steel -wires aie coated with copper at the works of Wallace & 
Sons, at Anisoma, Conn , for use in telegiaphy Copper enough is 
deposited on them by electricity so that small, strong conductors are 
produced, equal in conductivity to the much larger and heaviei iron 
wire heietofore used. 

Mr Keith: I doubt the relative economy of the use of elec- 
tricity in the separation of gold from silver. The process used in 
the government assay office and mints gives by-products, which 
pay very much of the expense of separation by means of acids. 

Mr. Howe: While black copper is successfully refined el ectro- 
lyticaily at Birmingham and Mansfield, coppei refiners in this 
country in vain endeavor to learn bow to do it. I have clients who 
would pay any leasonable price to the man who could carry out the 
electrolysis of argentiferous black copper rapidly and cheaply. This 
is one of the great needs of the copper industry in this country. 

A very interesting process for the extraction of aluminium fiom its 
oxidized compounds has lately been described to me by its inventor. 
The aluminous compound is placed in a carbon crucible, which is 
connected as the cathode of an electric current of great intensity. A 
voltaic are is then thrown across from another electrode against this 
carbon crucible, the curient thus first melting and then decomposing 
the alumuiooft compound, metallic ahimmium being deposited on the 
sides of the crucible. 

Mr. Keith * I have heard such a process vaguely hinted at, but 
must say that I do not understand how aluminium can be produced 
except by some variation of the process 
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THE SOUTREBX SOAP STOWES, KAOLIW, AWE FIBE- 
CLAYS, AWE TIIEIB USES. 

BY PliOFESSOIt P H. ISIELL, JE , PHD,, AUBURN, ALABAMA. 

Among the minerals exhihited at the Atlanta Exhibition of 1881, 
soapstone, kaolin, and a^^bestos \^ere \\cil lepresented The fiist two 
oi^cur in laige quaniitiof-, of veiy pure quality, throughout iheHoutli 
l^he last IS somewhat limited in amount, jet in ceitain localities it 
exists in masses sufficiently large to pay for working; m Noith Car- 
olina, Georgia, and Alabama it has been mined with some profit. I 
would, in this paper, call special attention to the minerals soapstone 
and kaolin, because then many valuable qualities seem to have been 
almost entiielj overlooked bj’-our Southern manufacture! s. Steatite, 
paiticularly, occurs in such large quantities, and generally in such close 
proximity to the great iron regions of Alabama and Georgia, that it 
IS amaziag that the iron cornpanieB will persist in sending abroad 
under heavy expense for fiiebrick. It would require a much 
smaller sum of money to quarry this rock and place it at the \aiious 
furnaces , and the results obtained, I am sure, would prove its su- 
]>euoiity over the majority of firebiick brought into this r&gion 
Soapstone, as well as kaolin, is found thioughoutthe metamoiphic 
regions of Alabama, Geoigia, South Carolina, and ISTorth Carolina, 
Below will be found sev^en analyses that I have made of this min- 
eral, Taken from various points in the four States above mentioned 
I have abo subjected these same specimens to severe fire-tests, and 
the results were very satistactorj. The tests were conducted in the 
following manner • Small portions of the compact variety were care- 
fully neighed and placed in a Fletcher’s new crucible furnace for 
gas, and subjected for half an hoin to a heat that will in 12 minutes 
fuse iron The only effect upon these speeutiens was a slight change 
in color to a darker shade, a small loss in weight, due evidently to 
the evaporation of v^ater, and, m one or two specimens, a slight de- 
gree of fusion on the sharp erlges. 

The first specimen subjected to investigation was taken from a 
large outcropping in Tallapoosa County, Alabama. 


Specific gravitj , 2 88 , hardness, 1,9 ; 
Composition : 

color, blue gray. 

Water, * . , 

. 2 68 

Sihca, 

66 46 

Iron o\ide, 

2 10 

Aluminii, 

, 15 02 

Magnasia, 

. 15 % 


100 61 
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The second specimen came from Randolpli County, Alabama, 
where it is found in large quantities. 

Specific gravity, 2 G4 , hardness, 2.8; color, blue gray* 
ConijHisitioa , 


WatiJ, 

, , 

, 

. 

. 

2 00 

feiiii li, 

. 

, 


, 

77 15 

lion tjxide, 

Alnmina, 

Magnesia, 

• 



• 

25 
1 30 

20 00 

100 70 


The third specimen examined was taken from Clay Counh, Ala- 
bama, where the outcropping is bold and extensive. 

I had occasion to use this rock several years since in building a 
furnace for treating refractory gold oies, and I used it, at the same 
tune, to incase a large boiler that supplied the engines wbh steam. 
After long and constant use the rock, exposed directly to the fire, 
exhibited but little wear, and but a slight fusion on the edges 
Specific giavity, 2 89 ^ hardness, 4; color, dark gray. 
GomposiLion : 

Water, 

Sihea, 

Iron O'iide, . 

Alumina, . 

M ognc^ia, 

99 48 


3 57 
72 93 
8 22 
3 53 
10 23 


The fusion of this rock in the furnace, mentioned above, was pos- 


sibly due to the presence of iron. 

The fourth analysis was made from a specimen of very pure soap* 
stone found in extensive beds near Dalton, Georgia. This property, 
I understand, is now owned by Mr. W. W. Lampkin, who lives in 
Dalton. The stone is superior la texture, and has the color and 
look of alabaster. It would make beautiful mantels, and hearths 
Specific gravity, 2.95; hardoci-s, 2; color, white. 

Composition : 


Water, . 
Silica, . 
Iron oxide, 
Aluaunu, 


1 60 
61,00 
2.51 
7 29 
27 72 


100 12 
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The fifth specimen, fiorn Northeastern Georgia, gave the following 
results : 

Specific gravity, 2,80 ; hardness, 2 8 ; color, blue gray. 


Composition . 


Water, 

. 2 84 

SihcM, , . 

. 70 84 

Iron ovide, . ... 

. 1,16 

Alumina, 

. 2 64 

Magne&ui, , » . 

, 22.17 


99 65 

The sixth specimen came from Anderson, South Carolina. It 
was sent me by Professor Charles H. Franin, who informs me that 

the mineral exists in large quantities. 


Specific gravity, 2.9 , hardness, 1.8; color, blue gray. 

Com posi Lion : 


Water, .... . , 

1 64 

Sihca, , . . . . 

. 67 00 

Iron oxide, ... . 

. 6.24 

Alumina, . . ... 

6 42 

M ug nesia, 

. 29 44 


99 64 

The last specimen examined came from Swame 
Carolina, on the line of the Rabun Gap Railroad 

County, North 

Specific gravity, 2 82; hardness, 1.8 ; color, blue 
Composition : 

gray. 

Water, . 

8 01 

Silica, . * 

. 65 OC 

Iron oxida, . ... 

72 

Alumijta, . . .... 

8 78 

Magnesia, 

. 27 72 


100 28 


These analyses indicate the great value of soapstone for furnace 
linings, and the subject is, at least, worthy of the serious considera- 
tion of the iron manufacturers. From the development that is now 
going on in the iron regions of Alabama, there will be required in 
a few years a large outlay of capital to supply the neceasary fire- 
brick to keep the furnaces intact. And yet, if the deductions drawn 
from the above analyses are correct, the substitution of soapstone 
will save a considerable amount of money, and the results, I think, 
will be more satisfactory. 
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The Che^acla Lime Works, situated in the eastern part of Lee 
Coonty, Alabama, have made a trial of this rock. The kiln has a 
capacity of 250 barrels a day. The company were so much en- 
couraged that they have atlopted soapstone as a lining, and it has 
been found equal to New Jei'sey firebrick The rock is hauled some 
diblance by wagons to the furnace. 

In using soapstone for furnace purposes, caie should be taken to 
cut the blocks so that they may be ]daced with the cro<;s-section of 
the grain exposed to the fire. This wnil obviate the tendency to 
crumble or to flake 

The Indians made u&e of this mineral in many localities of Ala- 
bama, in the manufacture of various utensils. There are many 
excavations in Tallapoosa, Chambers, Coosa, Clay, and Lee counties 
in the be<ls of this rook, that were supposed b\ the inhabitants to 
have been made for precious metal. Not far from Taliassee Falls, 
there was an old Indian village called Tuckabatcha, north of which 
a bed of soapstone outciops. The Indians of this village were well 
acquainted with this loGalit},and seemed to appreciate its \alue, 
because they lesorted to the spot for the purpose of making culinary 
ulensils. They had a unique way of making these vessels, which 
consisted in niw^oribmg the circumference on the face of the rock, and 
excavating until the desired depth was reached, when they would 
break off the raatoS and fimsli shaping. The impressions of these 
vcsssels arc seen on c\ery porti<m of the excavation that they have 
made at this point Ai the site of the old village fragments of these 
utensils me still to be found. 

The next mineral of importance in this connection is kaolin. 
This substam^e is foan<l in many poitions of Alabama and Georgia, 
and its purity is all that could be desired. Near Jacksonville, Ala- 
bama, and four miles northeast of Loama, m Randolph County, of 
the same ytaic, some excellent and extensive beds have been found. 
Specimenh from the first locality gave, on analysis by Profeiisor J. 


W. Mallei, 

Oombmrn ... ... 89.75 

Bibca, . . .... .486 

Alutiuna, .... . . , , . 88 92 

F<‘roxidt? of iron, .78 

Li mo, potash, otc , , . ... 1 03 

Wator, . * 13 88 

Undocoinposod mmi?rab . , , 00 

99 61 


This is a fine Rpccimcu of white clay, soft and easily Vrorked. 
voi- x.— 21 



322 PHOSPHORUS UETEEMINATXONS IN PIG TRON A.NB STEEL, 


From the second loealit/j the analysis of J, W. Mallett gave ; 


Combiried silica, 


* 


19 85 

Eree silica, 




. 17 14 

Alumina, 




SI 92 

Peroxide of TOn, 




trace 

Potash, hme, and magnesia, 

. 



72 

Water, 




15 09 

Undecomposed mineial, 


. 


1128 


99 no 


This is a much finer specimen than the one preceding. It is uni- 
foim 111 texture, and quite soft. The absence of iron fio n the last 
analysis indicates a clay excellent m quality for the raanufaeLure of 
porcelain. 

Some fire-clays aie found in Alabama that will make excellent 
brick. Near Claiborne, on the Alabama River, is a finely divided 
silicious matter that is called by the people living there chalk.” 
This seems to answer well as a base for the manufacture of firebrick. 
It IS infusible, and only requires the addition of clay to give it the 
proper adhesive properties to make good brick. 

It is found m vast quantities, associated wuth buhrstone. This 
Silicious matter passes across the State east and west, cropping out 
at in numerable points in bold relief. The natives use the rock quite 
extensively for building chimneys, and for making hearthstones, and 
those that have been exposed to heat for years indicate but httle 
change. 


rnosFMOBus dutebmustatiows m fi& iboft and 

BTMBZ. 

BT P E BACnWAN, A 0 , SOUTH ST LOUIS, MO 

There is such a great variety of opinion concerning the best 
method of determining phosphorus in pig iron and steel, that a list 
of determinations, on a uniform sample of pig iron, together with a 
short description of the methods used by difierent oiieniists, and a 
few experiments on the accuracy of some of the methods UvSed, may 
be of interest to members of the Institute. 

All the results given in List A are from the same lot of drillings, 
thoroughly mixed, except Nos 8 and 9, and 28 to 32 inclusive, 
which are from the same pig, but were taken at a later period. 
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List A. 


]Nn 


Pliosplaoms 

found 

Method 

1 

A 

0151 ) 

Molybdate and magnesia 



2 

A 

0154 J 



4. 



3 

B 

0152 \ 

a 


(( 



4 

B 

0163 ( 

ti 


tt 



5 

C 

015191 

te 


tt 

modified 


b 

0 

0 1523 j 



ft 

(( 


7 

1> 

0152 

it 


ti 

it 


S 

E 

0154 \ 

it 


a 



9 

E 

0150 r 

a 


tt 



10 

F 

0140 

if 


tt 

modified 


11 

G 

0141 \ 

if 


ti 



12 

G 

0.146 1 

it 


it 



13 

II 

0143 

i( 


it 

modified 


U 

1 

0164 1 

ii 


it 

ti 


ir> 

I 

0165 / 

«( 


it 

ft 


16 

J 

0147 \ 

it 

direct 




17 

J 

OloO / 

t( 

« 




IS 

J 

0144 

if 

it 




19 

J 

0164 

ii 

(( 




20 

J 

0150 

tt 

and magnesia, 

modified 


21 

J 

0130 

et 

diiect 




22 

J 

0J47 1 

ii 

It 




23 

K 

0151 \ 

Acetic method 




24 

K 

0152 f 

ft 

a 




26 

L 

01106 

Magnesia or citric acid 



26 

L 

0 096 1 


u 




27 

L 

0100 [ 

it 

u 




28 

L 

0 097 J 

ft 

it 




20 

M 

' 0130 

it 

it 




30 

N 

; 0 152 \ 

Molybdate and magne'sia, modified 


31 

N 

0 154 J 



tt 

it 


32 

0 

0 151 \ 

(f 


it 

tf 


33 

0 

0 152 / 

it 


a 

tt 


34 

0 

0,145 

it 

direct 




36 

p 

0.161 

ii 

and magnesm, modified 


36 

p 

0.147 1 

u 


ti 

ti 


37 

p 

0150 / 

it 


it 

ti 


38 

p 

0.147 

tt 


(t 

ti 


39 

? 

0109 

it 


it 

ii 


40 

p 

0,139 \ 

a 

direct 




41 

p 

. 0140 ; 

it 

(C 




42 

p 

0 152 

it 

and magnesia modified 


43 

Q 

0141 

(t 

diiect 




44 

R 

0121 

it 






The brackets indicate duplicate determinations. 

A. is vH. professor of analytical chemistry. The analyses were made 
by his assistant, under his direction. The assistant has had a large 
experience, and was formerly chemist of an iron works. He uses 
what I call the “molybdate and magnesia’^ method, as follows; 

Dissolves in nitric acid, evaporates to drynesvs, heafcs in an nir 
bath several hours at a temperature of 120*^ C,, dissolves in hydro- 
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chloric acids filters^ expels hydrochloric with aitric acid, precipitates 
in small bulk, made neailr ncutial by ammonia, T^ith amoionmrD 
molybdate solution [100 grams mohbdm acid, 400 rc. ammonia 
(0 96 sp gr), and 1000 cc iiitiic acid {1 2 &p gi )J, filteis, washes 
with anamonuim lutiato [025 co mine acid (3 2 sp gi\), 100 c c, 
amnionm (0 96 sp gr,), and 100 cc watei]* d^s^olves m ammonia, 
piecipitates with magnesia-mixture [magnesium sulphate and am- 
monium chloride, each 1 gram, ammonia (sp. gr 0 96) 1 c.r , water 
8 cc], niter®, washes with ammonia-alcohol (1 alcohol, 1 ammonia, 
and 2 water, bv bulk), ignites, and weighs Before the precipilation 
with magnesia-mixture ®ilica is sepaiated if present. 

B. IS a feteel-works chemist, and uses the same method as A 

C. is the genera! superintendent of a furnace company making 
Bessemer iron; he was formerly the chemist He uses the same 
method as A., escejit that after dissolving the jellow precipitate he 
adds hydrochloric acid to aoid reaction, then ammonia till the pre- 
cipitate formed redissolves, allows to stand several hours, and tilteis 
from separated silica 

D. IS connected with a company making Bessemer iron Ho uses 
fiom 2 to 4 grams of non, dissolves in nitric aoid, adds hydro- 
chloric acid, evaporates to dr} ness, heats one hour in air bath at 3 20® 
C., and proceeds like chemist C, 

E IS a Be&seiner-steel-works chemist; lus method is like -A^s. 

F. IS a Bessemer-furnace chemist, and works like D. 

G. IS a chemist of a charcoal-furnace and car-wheel-works. His 
method is the' same as A,, but he writes: I am not surprised at inv 
results being low, as I neglected some precautions which I should 
have taken 

H. is a Bessemer-steel-works chemist. He dissolves in nitric a<nd, 
evaporates to dryness and heats an hour on a sand hath, dissolves 
in hydrochloric acid, neutralizes with ammonia, redissolves with 
nitric acid and precipitates wnth molybdate, lets stand in a warm 
place four hours, filters, dissolves m dilute ammonia, precipitates 
with magnesia-mixture, lets stand two or three houis, filters, dis- 
solves 10 hydrocidoiic acid (1 m 2), adds citiic acid, neutralizes witli 
strong ammonia, adding one-third the volume in excess, and lets 
stand four hourb oi more according to the amount of phosphorus 
present, Hib result (0.143), is low, and I understand from D , wdip 
has fiequeutly checked him, that iie is often as much as two-hum- 
cliedths lower than himself 

r. is a Bessemer-furnace-corapany chemist He dissolves 4 to 
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5 grsAins of iron m iiitnc acid, evaporates to drymess in a platinum 
dish, ignites, “ till all the lutric aoid is <lnven otf and the combined 
caibon bmnecl,’' takes up in hvdrochlmie acid, evaporates low, neu- 
tralizes with ammonia, pioei pit cites \\ It h molybdate, trashes, precipi- 
tates with dilate nitisc acid and molj hdate, and proceeds like 0, 
iiiioNMiig for the solnbihiy of the ammonmuvniagnesuim phosphate 
m dilute ammonia. His lesiilts (0.16 i- and OJ05), are the highest of 
the lot. The similarity of the methods of H. and I , with so great 
diffeience in their re-^siiltb, seems to indicate either inaccuracy of 
method or careless manipulation, probably the former. 

J. is a commercia] elieniist, whom I know only through oorres- 
pondente. He dissolves 1 gram of iron in a half-liter flask in 
warm nitro-hydrochlono acid, filters, evaporates to dryness on a 
steam bath, separates silica by moistening with ^vater and evapo- 
rating to diyneas five or six times, takes up in nitric acid, filters, 
evaporates to 8 or 10 c c., precipitates with 25 c o. of molybdate solu- 
tion, filters tlirough weighed paper, washes free from iron with water 
containing 2 per cent of nitric acid, dries till the blue stain appeals, 
and weigli*-). 1 63 per cent, of this precipitate is phosphorus.'^ 
Results Nos 16, 17, 18, and 19 were obtained by this method ; No, 
20 by solution in nitric acid, evapoiation to dryness, driving off all 
acid, solution mi h}clrochloric acid, repla(*ing hytlroohloric by nitric, 
then proceeding above; No 21 by reducing the filtrate from the 
Silicon determination with a l)isulj)hite, pieeipitating as acetates, solu- 
tion m mtric acid, jirecipitation with molybdate, and weighing as 
magnesium pyrophosphate. J* says that he could not obtain good 
icsuits by weighing the yellow precipitate by this method, as it gener- 
ally contained a <jaaot)ty of free raolybdic acid. The silicon deter- 
rninahou was made as follows : Haifa gram of iron was treated with 
10 of sulphuric acid (1 in 8), heated, 1 c.c. of concentrated nitric 
aciil adilcd, evaporated to dryness, and heated till nitric acid ceased 
to Ik* given off, moistened with hydrochlorieaeid, dissolved in 10 c.c. 
of water, iilbTod, wusIkkI twice with water and three times with hot 
water containing 5 per ccti-i. of nitric acid This modification of Dr. 

M. Drown’h method is duo to Frederick H. Williams. It can be 
complotcd in one hour, and is accurate for irons not containing tita- 
mnnu For phosphorus J used 2.7927 gram^, and acids in propor- 
tion, neglecting the wasliing with nitric acuL The rnothotJ is original 
with this chemist. No. 22 was 'made by solution in nitric acid, 
the subboq^uent treatment being the same us 16 and 17* lii this 
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analysis phosphorus was lost through incomplete solution, iron 
salts being rendered insoluble in nitric acid, or by incomplete pre- 
cipitation caused by silica in solution. 

K. is a Bessemer-steel“Works chemist. He alw\ays uses the acetic 
method, and says there are a great many small points^ which, if not 
thoroughly understood, lead to low results ; a fault too often appa- 
rent in determinations made by this and allied methods. 

L. is a firm of commercial chemists, one member of which is a 
professor in a prominent technical school. They use the citric acid 
or magnesia method The uniformity with which they obtain low 
results IS remarkable. Result if a. 25 (0 llOO) was first reported by 
them, and when iron from the same pig, but a different loc of drill- 
ings, was sent them, wnch the express purpose of settling definitely 
the question of results on phosphorus/^ they reported 0.096, 0.100, 
and 0,097. Their method is to dissolve 5 grams of iron or steel in 
50 c c of nitric and 5 drops of hydrochloric acid, warm and concen- 
trate till syrupy, and evaporate with 20 c.c. of hydrochloric acid, 
repeating the evaporation till all the nitric acid is expelled. Dilute, 
filter, dilute the filtrate to about 600 c.c., add ammonia till a slight 
permanent cloud forms, then 7 to 10 c.c. of ammonium bisulphite. 
Boil off the excess of sulphur dioxide, cool, add ammonia tdl a pre- 
cipitate forms, then 40 c.c. of acetic acid, and boil twenty minutes ; if 
the precipitate is small or slightly colored, add 5 or 6 drops of ferric 
chloride, filter, dissolve the precipitate in hydrochloric acid, add 2 
or 3 grams of citric acid, evaporate to 30 c.c., cool, add ammonia to 
alkaline reaction, and precipitate with magnesia-mixture After 16 
or 18 hours filter, wash slightly with dilute ammonia, dissolve the 
precipitate in hydrochloric acid, add J to 1 gram of citric acid, re- 
precipitate, adding a few drops of magnesia-mixture, filter after six 
or eight hours, and w^ash with dilute ammonia (1 in 8) 

M. IS a commercial chemist, who works essentially as L., but uses 
but one gram of citric acid, and docs not redissolve the magnesia 
precipitate. His results are also always low, so far as my experience 
goes, but not as low as those of L. The nearest approach to accu- 
racy which I haA^e seen in his work was 0.147 per cent, in an iron 
which contained 0.162 per cent., L having found 0 122 per cent. 

N. is a laboratory boy who thought he could do what he had 
seen others do He used the method given under C., and his results, 

0.162 and 0,154 per cent,, show the ease witli which this method can 
be worked, thib being the boy's second determination of phosphorus. 
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O is a Bessemer-steel-works chemist. He dissolves S grams 
of iron or steel m nitric acid, evaporates to dryness, and heats on a 
sand-bath till the acid is driven off, dissolves in hydrochloric acid, 
replaces hydrochloric by nitric, tik^is from graphite and silica, neu- 
tralizes with ammonia, dissolves tiie precipitate m nitric acid, and 
proceeds as under C. 

P, is myself. I am assistant ehcinist in a Bessemer-steei- works 
laboratory. Result No, 35 was obtained on a lO-graixi sample, 
working as under C. Nos 36 to 42 are experimental analyses, — 36 
and 37 by the same method as O., but forcing the analyses to see if 
reliable work could be done in one day. I could have weighed the 
precipitate in eleven hours safely, but had to leave it till nest morn- 
ing, so that it actually required twenty-three lionrs. In No 38 I 
followed chemist I. (who reported 0 164 and 0.165 per cent.) to see 
if the method always gives high results. The final precipitate was 
washed with ammonia-alcohol, in which it is insoluble* The result, 
0 147 per cent, is slightly low, as I had expected. In No 39 I 
dissolved in nitric acid, and as soon as solution was complete, fil- 
teied and precipitated with molybdate, proceeding as usual. The 
result, 0.109 per cent., which is 27.8 per cent, low, shows that all 
the phosphorus is not obtained where there is not a complete separa- 
tion of silica, a fact to which my attention was first called hy Dr. T. 
M. Drown, Nos, 40 and 41 were obtained by the direct molybdate 
method, as follows: Dissolve 1 gram of iron in nitric acid, add 5 c.c. 
of hydrochloric acid, evaporate to dryness, drive off the acid on a 
sand-bath, take up in hydrochloric acid, replace with nitric, filter, 
bring filtrate to 15 c.c., precipit^ile with 20 c.c. of molybdate solu- 
tion, filter through counter-balanced filter-papers, dry at C., 
and weigh. i,63 per cent, of the precipitate is, or is supposed to be, 
phosphorus. I had been obtaining high results by this method, 
and was informed that by allowing more free acid to be present 
and not evaporating the filtrate to 10 c.c. as I had been doing, the 
results would be more accurate. But this slight variation in the 
process earned the correction too far, and brought low' results, as 
was the case with No. 84, worked in the same way. Eggertz’s 
original method gives low results, but this modification of it will 
give almost anything you please, according to the amount of phos- 
phorus present and the degree of concentration, and yet one can 
almost always get good duplicates by uniform manipulation. 

Q. is a Bessemer-furnace-company chemist. He uses the same 
method as H* 
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E !3 a Bessemer-steel- works chemiPt, He ii^es the direct moHb- 
date metliodj but whethei it is Eggert 2 ^s original method^ oi a modi* 
ficatuuij 1 cannot sav. 

The follo^vIng lists gi’ve a comparison of lesiilts by the citric acid 
or magnefe^iu metliod and the niol^bdate-inagnesia method : 


List B* 



A Lth the per- 
centa^t of pho^phaiUij bj 
the utnc u‘id luethod 

ChepLi'^t, With the pel' 
centacjc of pho^-plioiiib bv 
the moljbdate-magneaid 
method 

Lot 17 

L 0134 

P,on5 

(( i< 

L, 0 134 


it it 

L, 0 135 


U 

L, 0 135 

• 

ii it 

M,0112 

, . 

u (( 

M, 0 138 


IS 

L, 0 UG 

P,{)144 

H it 

y, 0 133 

P, 0 144 

“ 15 

L, 0 139 

P, 0 170 

{{ u 

, 

P, 0 173 

20 

L, 0 126 

?,0144 

it »( 

L, 0 084 1 

. . . 

u a 

L, 0 088 1 


137, 

L 0 122 

P, 0 152 

it <c 

M,0147 

B, 0 150 

a 


F, 0 154 


the only new letter appearing in this list^ is a firm of com- 
mereial chemists. 
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List C. 


Maik 

fhcnuvt, with percentage 
<tf pliosphoriD tJie 

liieet mt^ybdiDc method 

riifinist A> itli the per 
ecntfige nt phospht^iut^ bv 
rhe lualvhaalG niftf.,nGsia 
method 

Pill: lion 

Ko 1 

P, 0 101 

P, U 15 S 

a 2 

0, oir.i 1 

P, 0 Uo 

2 

0, OIjJ j 


a 2 

P, 0 132 1 


a 2 

1> 0 15 { j 

* 


P, 0 181 

P, 0 168 1 

» 3 

P, 0 183 

P, 0 169 j 

u 4 ^ 

P, 01o7 

P, 0 150 

« 4 

P, 0 158 

P,01o2 

4 


F,015i: 

“ 5. j 

0, 0 145 

0,U153 1 

f) 

P, 0116 

0,0152] 

« 5. 

P, 0130 

P, 0 151 

Steel 

Ko. 0 

P, 0.137 

F, 0J37 

a 7 

' P,0070 

F, 0 068 

a 

P,0 076 

P, 0 072 


P, 0 078 

X",0 070 

10 

, 

P, 0 077 

P, 0 0G9 


Th(' foregoing resnlte show that the tliiect method is far fiom 
acoMrntc’in my hands. 

The Jtext list is a comparison of ri'sulls by the molybdate-magnesia 
method with the method pnij-iosod by N. H. Muhlenberg and T. M. 
Drown ui a paper “On the Solution of Pig Iron and Steel lor the 
Determination of Phoaphoras/’ read at ihe A^irginia meeting of the 
American Institute of Mining Engineers, May, 1881 •’*' 


^ fc3ee pa^e S5 
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List D 


No 

Molybdate-magnesia 

Method 

Percentage of phosphains 

S-ulphnnc Method 
Percentage of phosphorus 

1. 

01540 

01660 

2 

01340 

01349 

3 

01550 

01630 

4 

0 1630 { 

01560 

5 , 

01130 

01139 

6. 

0.1510 

01620 

Average 

01433 

01441 


These results prove conclusively, to my mind, the accuracy of this 
method. All the results by this sulphuric method (as I call it) were 
obtained m one dav, or from eight to ten hours, so that the method 
is rapid as well as accurate I used 3 grams of iron or steel, dissolved in 
86 o.c. of nitric acid, evaporated with 6 to 7 c.o. of concentrated sul- 
phuric acid till fumes of the latter were no longer given off, mois- 
tened with nitric acid, dibsolved in water, and proceeded as usual, 
neglecting the second separation of silica. The yellow precipitate 
separates almost instantly, and may always bo filtered in less than 
half an hour. The magnesia precipitate separates in two hours, if 
the solution is kept below 25 c.c., and is stirred briskly for a few 
minutes. The only drawback to this method is the unpleasantness 
of the sulphuric acid fumes about the laboratory. Result No. 42, 
in list A, is by this method. 

I will now give a detailed description of a modification of the molyb- 
date-^magnesia method, as used by myself. I think it reduces the 
actual working time to as low a figure as any really accurate method. 
Results may be obtained in eleven hours, and, m regular working, 
results are reported in twenty-four, saving two days on tlie time em- 
ployed by the method of chemist A., on which this modification is 
based. Dissolve 3 to 6 grams of iron or steel in nitric acid (1 .2 sp. gr ), 
when solution is complete add 5 c.c. of hydrochloric acid, evaporate 
to dryness, and heat on a sand-bath till all the acid is driven off. 
Theie is no danger of the formation of any pyrophosphate. The 
6 C.C. of hydrochloric arid prevents the formation of basic salts, and 
allows faster duving without danger of spattering. Dissolve in 
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concentrated hydrocbloric acid, using ab little pobsible, evaporate 
quite low twice with 30 c.c* of nitric acid, taking care not to render 
the iron oxide insoluble m nitric acid, dilute, and filter fiom the 
graphite and silica. The presence of the graphite and silica during 
this part of the operation renders the solution less liable to spatter 
when near dryness, and can in no way hurt the analysis ; it also 
saves time w^hich would be lost in evaporating a large amount of 
wash water if filtered from the hydrochloric add solution, and, more- 
over, the nitric acid solution filters much more rapidly than the 
hydrochloric. I prefer a isTo. 4 beaker for this part of the operation. 
The filtrate and washings, which need not exceed 150 c.a, are neu- 
tralized completely with ammonia, and a slight excess added; con- 
centiated nitric acid is then added till the solution is of a reddish 
yellow, then molybaie solution in large excess, from 40 to 60 c c. 
The beaker is heated to about 80"^ C. for twenty minutes, then 
allowed to stand at 50® C. for one to one and one-half hon^s, filtered, 
the precipitate thoroughly washed with an acid solution of ammonium 
nitrate [niadeof 325 c.c* nitric acid (1,2 sp gr.),100 o.c. animonia(0 96 
sp gr.) and 100 c.c. water] dissolved ui dihue ammonia, acidified 
with hydrochloric acid, and ammonia added till only the slightest 
excess is perceptible. The solution is then heated on the steam-bath 
till all odor of ammonia is removed, and the silica, w^hich always 
«!cparates, has become flocculent. It is filtered through a close Ko. 2 
filter, ammonia added to the filtrate, which is then precipitated with 
magnesia-mixture, and stirred briskly for several minatee* The 
biliea which separates often contains a trace of phosphorus, which 
may be neglected in ordinary work, but may be regained by wash- 
ing the paper once or twice with hot nitric acid, precipitating with 
molybdate bohUion, heating, filtering after fifteen or twenty minutes, 
dissolving in ammonia, and adding this solution to main solution. 
If the final precipitation is to take place rapidly, the solution should 
not exceed 30 c.c. As soon as the solution is perfectly clear it may 
be filtered. In this case, as in the case of the yellow precipitate, a 
perfectly clear solution indicates complete precipitation, but as long 
as there is the slightest trafce of the precipitate floating in the solution 
there is danger of incomplete precipitation. It is now filtered through 
a two-inch paper, washed with a solution of 1 part alcohol, 1 part am- 
monia, and 2 parts water, by bulk, transferred tosthe crucible without 
drying, and the full heat of a Biinsen-burner turned on till the paper 
liegins to clmr. The burner is then turned low, the carbon burned 
oflf‘at a dull red heat, and the precipitate weighed as soon as cool. 
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Duplicate analyses always agree within four-thousandths of one per 
cent, as do also the re&iilts on same sample obtained at diffeient 
times The agreement of duplicate analyses proves only iinifoi^mity 
of manipuiation, but the agreement of lesults obtained weeks or 
months apart, I tfnnk, proves accuracy of meihod I lately checked 
work which was done six weeks pieviouslv, and the vanation fiooi 
the former aoah'ses was m one cabe 0 0005 per cent., and m the 
other 0 QUID pei cent. On filtoung, and reprecipitating 

the magnesium pyrophosphate, identical results aie always obtained, 
I have noted but one variation, which was a gam of one-tenth of a 
miliigiam. 

The citric acid, or magnesia method, so much used, I considei 
inaccurate lu the hands of most chemists I could mention six 
chemists of prominence who use this method (five being commercial 
chemists), whose results are untrustworthy, and I know of but one 
who invariably obtains good results, though I am not quite sure 
that his method is the common citnc-acid method. I lefei to K., 
who calls his method the acetic method.” 

Tlieie are several ways m w^hich phosphorus is lost m this method. 
First, by incomplete precipitation as basic acetate; second, by 
the piecipitate passing through the filter if it is muddy, or if the 
solution gets cool while filtering, third, by the solubility of amino- 
nmm-magnesiuui phosphate in amraoniiim citrate, fourth, by not 
allowing sufiScient time for the final piccipitatc to separate, from 
twenty- four to thirty-six hours being always necessary. I remember 
an experiment tued in the Lafayette College laboratory in which a 
large amount of phosphoiic acid was added to a solution of ferric 
chloride. The iron was fiist completely reduced, and then partially 
reoxidizcd by bromine, sodium acetate and acetic acid added^ the 
solution boilefl, and the precipitate filtered olf. More of the iron 
was then oxidized and piecipitated as befoie This was repeated 
many times, till all the iron was precipitated, and yet the last portion 
of non contained a trace of phosphorus. And yet we are expected 
to believe that all the phosphorub in any iron will collect m a j>re- 
cipitate containing less than two-lenths of a gram of iron**' But 
the chief source ot error arises from the solubility of aramonuiin-mag- 
nesiuin phosphate in ammonium citrate. ‘^From the solutions thus 
obtained the phosphorus is thrown down by chloride of magnesium 
as pure ammonio-magnesium phosphate. Since the latter js sensibly 


* Soe Calms'^ Quantitative Analysis, p. 115. 
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soluble in citrate of ammonia the citiic acid should be added^ drop 
drop, to avoid excess. , It is expected the le-iilis will fall out 
too low in the piescnce of much iron 

I have never been able to obtain lesiilts by the direct molybdate 
method which were satisfactory, so that after workimr it for tlnec 
months I gave it up. The diiferenee m results on the same sample bv 
ditferent chemists, and the variation in the results of the same ehenisst 
on the feunie sample at different times often exceeds the of eiioi*. 
The tendency in niv hands is touaid high results wiseu the phos- 
phorus c\(’eeds 0,120 per cent. These farts make me doubt the 
expediency of Amencan chemists letaining tins method where accu- 
racy is rcquiied. The fact that chemists of promnienee have found 
different amounts of phosphorus in the yellow precipitate thrown 
down unrler different eircum stances, and thp impossibility of always 
obuiinuig the same conditions in practice, destroys one^s gonfidenco 
iU results obt<uned by this method What are'tlie conditions neces- 
sary to success Can some of them be varied while others are ecin- 
stant'^ Must there be a definite amount of free nitric acid'^ Must 
the solution contain a definite amount of iron per cubic centi- 
meter'? Must there lx* a definite amount of phosphorus present per 
cubic ccntimefei Muol tlic temperature he confined between certain 
limits'? Must there be some fiec hydrochloric acid present as in 
tho method proposed by Mr lYoilius?^ I vould bo glad if some 
one who has the tunc and inclination to investigate these questions 
would tell us what are tine constants and what are the variables in 
tins method; but until we Imve this information we cannot feel sure 
of the method 

Mr. G. J Snelu«5, in a paper on The Distribution of Elements in 
Rtcel Ingots/^ road befoie the antunm (1881) meeting of the British 
Iron and Steel Institute, gives analyses of two samples of steel 
by Messrs. Barrows and Patti nson, twm of England's leading 
chemists, in which they obtain 0.142 and 0 1(>^> percent, in one, and 
0 052 and 0 063 per cent, respectively in the other, and says* 
will bo seen that the two analysts agree in a remarkable manner, 
sliowing clearly that w^hen the chemist’s work is well done great 
reliance can be placed upon the actual results ” These results, which 
are accepted as remarkably good by Engli-h chemists, would be 
discarded as worthless in Amevicun pra<‘tic^? it is wnth the 
direct method; tlie results are up to the above standaul, but finer 

Qunhtative Amibsift, Atii Bd , p. 622* 
f Stc page 1 66 , 
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work is expected of American cliemist^^ Tlie presence of arsenic is 
so rare in American irons that it- is hai<lly necessary to mention the 
fact that \\here it. is present xhe pi ecijntation with molybdate must 
be made in a cold solution. My attention was ]a<-olr drawn to this 
element by finding 0*05 per cent, in an non sent out by chemist 
L. for the purpose of comparing results by different methods. 
My result on this iron was leduced from 0180 per cent, to 
0.152 per cent of phosphorus by taking the above-mentioned pre- 
caution. 

To sura up^ I JBnd of three chemists working the acetic and citric 
acid methods m list A, two aie wrong. Of four who worked the 
direcx molybdate method three are wrong, and the fourth has a van- 
ation of 0.010 per cent in the method as regiilaily worked In hira. 
Of three working the modification of th^ raolybdale-magnesia method, 
in which there is a large quantity of chlorides present with the nitric 
bokition when phosphorus is precipitated, all are wrong, and of ten 
working the method so that there is only nitric acid and amniouium 
nitrate present with the iron solution, nine are within the limits of 
error. 


TME GEOLOGY AJYD VEim OF TOMBSTOJSTF, AEIZOJSfA. 

BT WILLIAM P. BLABIE, P.O S , NEW HAVEN, CONN, 

The mining district and the town of Tombstone are situated in 
Cochise County, Aiizona Territory, at the northw^est end of the Mule 
Pass range of mountains, in longitude 110®, and latitude about 31® 40' 
N., upon the right bank of the San l^edro River, from which the 
town IS distant 9 miles east. It is also 24 miles south of Benson 
station on the Southern Pacific Railroad of Arizona, and about 40 
miles noith of the Mexican line. Its altitude above the »sca is 
4600 feet. The Dragoon Mountains rise across a valley to the north- 
east, and the Huachuca Range similarly upon the southwest. The 
country is open, without timber, and the surface, wheie the mines 
are opened, is in general gently rolling, and accessible to wagons by, 
natural roads. 

The first locations weie made in the year 1878 by the Solicffelin 
brothers and Richard Gird, the latter being well known among the 
pioneers of Arizona as a surveyor and miner, who contributed largely 
to our knowledge of the geography of the Territory in early days, 
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when the dreaded Apache dominated the region* There are bow, 
probably, over one thousand locations or claims in the district, and 
upwards of 2500 inhabitants. 

The output of the precious metals, gold and silver, up to the first 
of January, 1882, aggregates $7,359,200, and over $3,000,000 
have been disbursed m dividends. This product is distributed 
among the following-named mines and mills : 

Produchon of Tombstone M^nes and Milh. 


Tonilistone Hill and Mining Company,. . . $2,704,986 33 

Contention Con'^olidated, > . . . 2,703,144 89 

Grand Central, , , .... 1,050,876 30 

Head Centre, 191,620 52 

ViHiina, . . ... 626,716 98 

Ingersoll, . 15,000 00 

Bunset, 15,000 00 

Corbin Mill, . . . . . * 40,000 00 

Bo'^tonHilI, ...,**,* 112,007 83 

Divideifida, 

Tombstone Mill and Mining Company, . . . $1,100,000 

Contention Consolidated, ... . . 1,876,000 

Grand Central, 600,000 

Yizma, . ...... * 80,000 


This will sujffice to show the importance of the locality for mining, 
and to indicate at the same time the principal claims. 

GEOLOGY OF THE LISTBICT. 

In going from the railway at Benson to the mines the traveller 
rises from the po‘-t-pliocene deposits along the San Pedro to a gmnitio 
plateau. The rock is giay and highly crystalline^ and is apparently 
eruptive It weathers in places into gigantic rounded blocks and 
muHseS; lying one upon another as if piled there by some Titanic 
force, rather than by the gentle and gradual cSeots of irresistible 
decay. This rock extends to within a mile or two of Tombstone^ 
where stratified formations occur overlying the granite. 

These stratified beds consist of quartzites, limestones, and shales, 
with frequent repetitions in an ascending series several thousand feet 
thick, but all conformable and dipping generally at a low angle 
from 20^^ to 45® to the eastward. Tlie fossils which have been 
found in tlic middle and upper beds, consisting chiefly of FrodioMs 
and cyathophylloid corals, show them to be Paleozoio^ and probably 
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Ijower Carbon iferoas The lower strata are probably older A small 
shell, like Lingula^ occurs lo the shales of the Contention mine. 

In addition to the stratified foimations we find intrusive per- 
phjritic dikes cutting through the strata indisciiminately, nearly at 
right angles, and trending appro vi mate! v north and souths or a little 
east of norths This is the direction of the general rift or bieakmg 
of the conntiy and of the mineral veins 

In the cential portion of the district, covering the claims known 
as rhe Toiighnut, Goodenoogh, Way-Up, Vizina, and otheis, ciosjon 
has exposed the oiitciopping edges of many strata of limestone, shales 
and ^‘c|L3arti3itesf^ Both the shale and so-called quartzite beds are 
of deep-sea origin, being very fine and compact in texture, with 
scarcely any signs of gianalar structure. The latter, particularly, is 
fiint-like and very liard, and is more exactly desciibed as a novacnlite 
or honestone In places it passes insensibly mth limestone, appar- 
ently forming beds of silicioim limestone It is, no doubt, largely 
organic in its origin, and is a veiy fine sediment, totally different 
from the typical quartzites, with granular structure, found in the 
higher parts of the Senes of strata. It evidently, in fmming, accu- 
mulated slowly, beyond the influence of cm rents, at the sea-bottom 
An abundance of iron pyutes in fine crystalline giains, disseminated 
through the layers of this rock, gives evidence of its organic ongm 
in part, at least, This rook ha*^ special importance from the fact that 
the miners in the Toughniit and Goodenough claims find it below 
the chief ore-bearing limestone It is regularly and evenly stratified 
for a thickness of about liO feet, and le^ts upon a thickly-bedded 
dolomitic limestone below. The beds above it consist of dark, black 
or blue limestones, and of thick beds of dark aigillaceous shale, 
alternating with black silicions shales tor neaily half a mile to the 
eastwaid The black liniobtones above the novaculite are the chief 
repositories of the bedded masses of nch silver ore, as will be pres- 
entlj" shown. 

The whole series of beds in this central part of the district is 
thrown into folds, being regularly plicated in a series of wave-hke 
flexures, the steepest and bharpest folds being on the northwest of 
the Toughinit and Goodenough claims facing the granitic region in 
that direction, Iliose fohls may be trami, but witli dilflculty, upon 
the surface, but are best seen in the crosscuts of the mines and along 
the drifts In the open out upon the Toughnut there is a g(/od ex- 
posure of some of the beds at the crest of an anticlinal fold present* 
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ing an appearance in section, alorg a northeast and southwest cut, 
nearlj as shown in the annexed drawing : 


Fiq 1 



II. Limestone — bending over the novacuhte. 

III. Shales — tending over the limestone. 

This little section i.s along the upper level known as the “ adit.” 
It IS directly below the place on the surface where ore was found 
cropping otit, mixed with soil and vein-slufti At another place, 
upon the western end of the Goodeuough, jve find a series of plica- 
tions, up and down, at about the angles shown, and with rich ore 
lying in the folds. These folds are not large, covering only a few 
hundred feet in extent, but are beautifully regular and well defined. 
As we pass up the hill, rising higher in the series of strata to the 
eastward, the dip becomes more r^ular, and coarse-grained quartzites, 
in thicker teds, take the place of the finer-grained deposits. 

All of the formations named have not only been uplifted as de- 
scribed, but have been much broken and faulted either at the time 
of uplift or at long periods later. This is shown by the number of 
fissures and lines of fault, as well as by the outcrop of dikes of por- 
phyry, and the dissimilarity of the stratified beds on either side of 
them, and the disjointed outcrops pf the limestone beds. 

THE CONTENTION MINE. 

The chief fissure and ore-bearing vein of the district traverses the 
Grand Central and the Contention claims. These claims were 
located in a north and soutli direction upon the somewhat obscure 
croppings of a dike of dioritio porphyry carrying ore, in, through, 
and alongside of it. This location was made by Messrs. White and 
Parsons. The croppings were not remarkably well defined, consist- 
ing of the porphyry and a confused mixture of porphyry, chert, and 
quartz, with masses of porous quartzite alongside ; none of these 
rocks rising high above the soil There was, however, a considera- 
roL X — 22 
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ble discoloration of the soil by iron-rust along the line, and a little 
digging revealed good ore near the surface. The harder parts of the 
dike were the most prominent, and its direction governed the duectioo 
of location of the claim. This dike varies in width from a few feet to 50 
feet or 70 feet, and dips to the westward atanangle of from 55® to 65®. 
It cats indiscrimmately through shales, quartzites, and limestones, and 
is evidently of igneous origin The contact, however, with the 
abutting edges of the disrupted beds is not always marke<l by any 
great change in their appearance or compoi^itioi), though m places 
there is obscure roetarnorphism, impregnations of sihca, and some 
modifications of structure. The dike itself has a distinct veitical 
lammation or structure through mast of its substance, and is more 
or less penetrated by veinlets of quartz. In some portions it is 
highly ciystalline and nearly barren, and in others consists chiefly 
of a feldspathic base, in which the feldspar crystals are obscuie. 
It passes into a felsite, which, in the decomposed portions Df the 
dike, and when slaty in structure, might be mistaken for the partly 
decayed shales or qiiartzitcb Large poitions of the dike are so 
penetrated by quartz as to consist largely of it, and might be called 
quartz, although close examination will show the presence of feld- 
spar. 

FiO 2 



Fig 


The accompanying cross section (Fig 2) of the chief part of the 
dike taken on the first level of the Head Centre mine, upon the 
Contention lode, will convey a better idea tlian can be given in 
words It shows the vertical structure, and the general distribu- 
tion of quartz in vertical seams or layers, and in one place a vug, 
or cavity, in which there are distinct quartz crystals In general, 
however, combs of quartz crystals are wanting; the 
quartz being in an amoi'phous, subvitreous state, or in 
\ the form of chert* The lamellar arrangement of this 
jqj j quartz near the central part of the section is shown by 
the little cut of full size (Fig. 3) of a fragment ground 
down to a plane suiface. The lines represent the layers 
of quartz; the intermediate spaces are filled with feld- 
spar. This lamination is typical of the vertical struc- 
ture of the dike. Another fragment, with less quartz, 
taken at a distance of about two feet from the first. 


t 


GEOLOGY AND YEIKS i)¥ TOMBSTONE, ARIZONA. 


339 


consists chiefly of a felsite base %Mi\i obscure crystals of feldspar spar- 
iogly distnbiitecL E^aniination shows it to be penetrated 
larly b} veinlets ot quaitz, as shown by the accompanying sketfihes 
from ground and polished teurfaces (Figs. 4 and 5.) 


Fro 1 Fig 5. 



There is also a considerable amount of miueraliajation of the dike 
by iron pyrites dissemitiated irregularly m its substance m cubical 
ciystalb, most of which have dissolved ont and left the cavities only to 
indicate their former presence, making in some places a spongy mass 
of poiphyry or of quartz Although the mine has been worked 
to a depth of 600 feel, and theie are some 12 to 15 miles of drifts, 
levels, and winzes in the Contention and adjoining mines, the unde« 
composed ores below the water-line have not yet been reached and 
mined, and all the ores above are in the decomposed and oxidized 
condition common to §uirface ores, A large part of the ore is highly 
charged with red oxide of iron, to such an extent that the clothing 
of the minerh becomes saturated with the rouge-like powder, and the 
tailings at the mills are blood-red. 

There lias been an extensive decomposition of the porphyry, 
especially along the upper 300 feet of the dike, resulting in the for- 
mation of quantities of white clay, kaolin, sometimes perfectly snow- 
white and pure, but generally more or less mixed with red oxide of 
iron. This kaolinization extends in places to the adjoining shales, 
and there are some white, claylike, interstratified beds which may, on 
further examination, be found to be altered felsitio oflUioots from 
the dike. It is not yet possible to say what the exact nature of the 
ore below the water-level will be found to be. The only metallic 
contents so far found, with the’ exception of the pyrites and some 
galcnite and lead carbonate, are gold and silver in a comparatively 
free state; part of the gold, if not all, being free, and the silver 
occurring chiefly as chloride, or horn-silver (with probably some 
iodide), in crusts and films, also occurring in minute crystals upon 
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cleavage surfaces. The average value of silver and gold in fche ores 
worked last year was about $70 per ton The gold has of late in- 
creased from 20 to 25 per cent, of the value of the pioduct, the rest 
being silver* 

GOLD IN PORPHYRY. 

One very interesting fact is the occurrence of free metallic gold, 
together with chlonde of silver, m the midst of the porphyritic rocks, 
at a distance of many feet from the portions of the porphyry cariying 
quartz m veins, and disseminated This gold is- found chiefly in a 
portion of the z'ock apparently dioritic, containing finely-dissemi- 
nated hornblende. In decomposing, this porphyry becomes bteatitic, 
and in places appeal's to be changing to serpentine. The gold is 
found in thin sub-crystal line flakes and scales, chiefly in and along 
thin seams and cracks in the mass of the rock, as if it had been 
infiltrated and deposited from solution* This is probably the feet, 
and the magnesian nature of the rock has no doubt exerted am im- 
pel tant influence in its deposition* Free gold is also found in quarts 
m the usual manner of association, but even in such specimens the 
C!^*stalline feldspar of the dike is found. 

METALLIZATION OF THE DIKE, 

The time and manner of metallization of the dike may be consid- 
ered as open questions, for a solution of which we must wait until 
the mining extends below the permanent water-level of the forma- 
tion It seems most probable that the rock, at the tune of its intru- 
sion, was pyritous, and the strata adjoining it no^doubt were. It is 
not impossribie that theie may have been a concentration of tke pre- 
ciouametais in tl\e dike from the surrounding beds, the lesult of the 
decay and change of the pyrites diffused in the strata. On the other 
hand, we may suppose that the dike has been the source of the silver 
and gold we find in and about it* 

In either case the vertical laminated or stratiform structure par 
allel with the walls has been an important factor in the distribution 
of the metals, and in the changes and modifications of the original 
condition of the dike* We may readily conceive of such vertical 
planes of structure affoidmg planes or lines of least resistance to 
vertical movements,, while the abutting ends of the striira, m contact 
with the walls of the dike, would offer great resistanro by frietioju. 
The condition of the dike along a great pait of its course seems to 
sustain and verify this* hypothesis* There has evidently been con- 
siderable movement of parts of The dike upon itself, resulting in the 
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formation oi heavy clay ^eams and breeeiated layers of porphyry and 
quartz, sometimes occupying a medial position along the dike, some- 
times at one side or the other, and again along the line of contact 
With the coantrjr rocks* Sneb seams and breeeiated ground are some- 
times wanting, and the structure and condition of the dike remain 
unchanged. 

The whole of the dike with the adjoining strata have been sub- 
jected to extensive movements and displacements, shown not only 
by breaks of continnity, but by the breeeiated cross-courses and seams 
tiavei’sing both the igneous and stratified formations* One of these 
faults lesulting in a thiow of the northern portion of the Contention 
lode 150 feet to the west, and partly outside of the west side-line of 
the claim, has recently led to expensive litigation. The faulting 
seam or break has been drifted upon between the two ends of the 
disjointed dike* It consists of a heavy breccia of fragments of the 
adjoining strata, together with a strong clay wall, marking the plane 
of greatest movement and slip. Its direction is southwest and 
northeast. 

In addition to the lateral movement there have been extensive 
vertical displacements, anti it is probable that the lateral shifting 
may be referred to them* It would be premature to attempt an 
exact description of the numerous faults and mechanical chariges to 
which the dike has been subjected. They require further study and 
surveys. Mr. Isaac E. James, so long and well known upon the 
Comstock lode as an aceoraplished mine engineer, is now in charge, 
and has the subject under investigation. We owe the first determi- 
nation of the nature and position of many of the vertical faults and 
throws to his careful observation and surveys. Without now enter- 
ing into precise descriptions of particular displacements, it will suf- 
fice to give a sketch indicative of what has occurred, producing such 
a confuvsed recun ence of ore upon certain levels of the mine, to 
lead at one time to the supposition that there were several dikes of 
porphyry and ore over a breadth of five or six hujadred feet. 

The inovemont appears to have been from the west eastward and 
downwards, the top of the dike being carried off in successive blocks 
by the sliding of masses of the stratified formations partly upon the 
pianos of deposition of the beds (these dipping eastward and aftWd- 
ing surfiices of easy movement), and partly upon steeper planes of 
fracture generally dipping eastward, as abown in the outline sketch 
section, which may be taken as typical. 

This disruption of the dike, with its attendant fracturing and 



342 


GE0I.0<3Y ANT> VEINS OE TOMBSTONE^ AUIZONA* 


brecciatioa of the country rock, accompanied by the movement of 
the dike upon itself, and the formation of heavy clay seams, has pro* 
vided favorable places foi the aecomulation of oie. It as generally 
found in the softer and most bioketi portions of the dike, comcident, 
no doubt, with the regions of gieateat original metallization and 
subsequent movement, attended bv clay seams. Such clay seams, 
with the accompanying ore, have by some been consideiedas maikiog 


Fio 6 



the limits of a second or subsequently-formed vein, following the 
dike and independent of it This theory, formed under the inspi- 
ration of the necessity of nai rowing down the vein and throwing it 
as far west as possible, in order to secure a greater length of it^upon 
the Head Centre ground, would be more defensible, if in the stopes 
any vein structure leferable to a later deposition con id be jfcmnd. 
Instead of the fragments of broken porphyry, shale, and quartz 
being cemented together hy quartz, they are loosely aggregated, and 
sho\y clearly that the formation is due to mechanical foiveancl attri- 
tion. The clay seams are also not certain boundaries of tlie ore; it 
occurs ou both sides of clay seams. The clay cannot, therefoie, be 
taken as separating ore from waste. The seams, moreover, are noi, 
continuouR, but give out, and in some parts of the dike are absent. 

The only place upon the lode where water has been i cached js 
upon the Salphniet claim. At this point the lode intersects stralc 
of limestone, and there is a bedded layer of ore following the strati - 
fication and connected with the dike. This ore is clucfly galena and 
iron pyrites Very little has yet been taken out. So also in the 
Head Centre ground, at a higher level, where the dike iotcraeets 
limestone, a bedded or interstratified lajerof ore occurs. But the 
best examples of bedded deposits in the district are in the Toughimt 
and Goodenough claims before referred to. 
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BBBBEB ORE BEi'OSm. 

These also are associated with dikes and vertical fissures nearly 
parallel with the Contention lode* One of the longest and best de- 
fined is the West-Side lode, which may be traced for about two miles, 
until it passes into the underlying granite* Its northern prolongation 
appears to cut across the Toiighnut claim, and to connect with the 
vertical fissure and quartz croppings at the Discovery shaft on the 
Goode nough 

A second line of fissure cats across the anticlinal line of the for- 
mations at the open cut on the Toughnut, and crosses the whole 
breadth of the Goodenough into the Way-TJp claim beyond. This 
has been followed on ore from the open cut to the Way-Up, and is 
connected with the chief lateral bedded deposits, A lode has also 
been followed in the same general direction from the claim called 
the Defence/^ across the Toughnut into the Goodenough* This 
lode IS marked by very heavy croppings of quartz and flinty bould- 
ers lying above the limestone on the surface. 

In the fissure extending into the Way-Up claim the ore was found 
in layers and bunches following the plane of the vein, extending 
upwards and downwards along its course in nearly vertical shoots 
or oie-bodics, but breaking off into the adjoining strata in flat bed- 
like layers, particularly where the vein intersects the lower limestone 
resting on the novaculite beds These bedded offshoots from the 
vein are often of considerable lateral extent, following the planes of 
stratification on either side* We cannot yet state with confidence 
what the exact origin of these bed<led deposits is* They may be due 
to the decomposition of nodular masses, but they are genejally de- 
posited in the limestone as if by replacement* They may be regarded 
as filling irregular cavernous spaces eroded fiom the strata by metal- 
liferous solutions, and without any regular boundaries. These bedded 
masses do xiot have a symmetrical arrangement of the ore, except such 
as may be leferretl to stratification or deposition by gravity, 

It is to be observed that these bedded masses of ore occupy the lime- 
stones rather than the silioious or argillaceous strata, as we might 
expect from the greater solubility of the limestone. Inasmuch as 
these limestone strata are folded and turned up in different direc- 
tions, the intersection of the limestone with the? vertical plane df tlie 
vein is an irregular line. At such intersections the walls of the fis- 
sure are corroded away and are obliterated, or are further apart than 
where the fiasure cuts the silicious beds, the shales, or the quartzites* 
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In this respect the formations are similar to many abroad. Mois- 
senet* represents bodies or shoots of ore corresponding in their pitch 
to the intersection of strata with the plane of a vein. ^ allace de- 
scribes a series of strata in the North of England consisting of lime- 
stones and shales traversed by lodes pioductive in the limestone, but 
poor \\hen passing through shales Other examples might be cited. 

In extent, the bedded masses of the Goodenough and Toughnut 
claims have been much greater than the ore-bodies of the vertical 
fissures, and it may be said that the greater jiart of the production 
has been from the beds or flats. They extend irregularly betueen 
the two fissures a distance of about 400 feet, measured diagonally 
along the dip. It is noteworthy that they follow the stratification, 
and then suddenly break acro-ss it vertically, following a crack or 
break of the beilding, and then expand again horizontally for some 
distance to another, dropping down by a series of steps from one 
layer to another in and between the limestones. 


Pic V 



The ores found in these bedded deposits in the limestones are mach 
more plumbiferous than the ore of the feldspathio dikes. Galenite, 
blende, and iron pyrites are abundant in masses, which, within the 
reach of oxidizing agencies, are largely converted into oxides and 
carbonates. 

Bedded ores of this nature are also found in the limestones of the 
Blue Monday claim contigaous to the vertical fissure in the west- 
ward prolongation of the West-Side lode, or vertical ore-bearing 
fissure This contiguity of the bedded deposits of the camp to the 
vertical fissures and dikes, and the occurrence of bedded ores where 
the dikes intersect limestone strata, lead me to the opinion that the 
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DQetalUzatioii of the district is due to the igneous lutrusionSsand that 
these intrusions^ with the accompanying impregnations and ramify^ 
ing veil) lets of quarts, are the true iodeSj or ^Heads/^ that may be 
followed with confidence in the search for ores. 


TEE GOLE FIELDS OF TEE SOUTEEBE FOBTWE OF 
TEE ISLAEE OF SiiN EOMIEGO. 

BY BICHABD P. BOTHITELB, KEW YORK, 

In the year 1881 , I visited San Domingo, in the interest of 
French capitalists, to examine and report upon certain conces- 
sions’^ of gold-bearing gravel and quartz veins, on the Isabella and 
Jama rivers and their tributaries. 

This district is periodically reported to be extraordinarily rich, 
and there is cast around it the glamour of the mysterious shipments 
of gold, credited, in romance and m more or less romantic history, to 
Columbus and the Spaniards of the fifteenth and sixteenth centu- 
ries, Since considerable sums of money and several valuable lives 
have been lost in the unsuccessful search for its profitable mines, it 
seems desirable to place on record some of the information collected 
concerning the value of these famous gold fields, iVith the hope of 
facilitating the work of those who may hereafter be called on to in- 
vestigate these claims, and of preventing the unnecessary waste of 
capital. 

It ia needless to add that the capitalists for whom my investiga- 
tions were made abandoned the enterprise they had in view, although 
no doubt similar schemes will be brought forward many times in 
the future, us they have been in the past, under the fervent advocacy 
of too sanguine enthusiasts. 

Since the time of the Spanish occupation of the Island of San 
Domingo, in 1497, when Columbus found the natives wearing orna- 
ments of gold, more or less of the precious metal has been obtained 
annually by washing the gold-bearing sundn of several of its streams. 
It is said that diirmg the Spanish domination, when the native In- 
dians were held in the most abject servitude, a certain amount of 
gold was required of each one as the result of his labor* Under this 
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powerful stimulus, the sands of the chief gold-bearing streams were 
washed over, and we find, to-day, pits and other excavations along 
their banks, said to have been made at that time. These pits are 
found along tho streams that to-day are known to be the richest, and 
it is a reasonable supposition that, under the strongest mdiicement 
which can be applied to stimulate the prospector — torture or death, 
ID case of failure — but few really rich placers could have escaped dis- 
covery in what was then a comparatively thickly settled country; 
and, indeed, the comparatively large shipments of gold at that time 
are proof of the thoroughness with which the search was carried on. 
Yet with all this, while San Domingo was known at that time as a 
very rich gold field, its proclaetion has never been very large, and 
for the past few centuries, though it has never entirely ceased to 
produce, its output has diminished to a quite insignificant amount. 
Nor has this resulted from ignorance of the fact that many of tii^ 
rivers of the island are gold-bearing, and that gold-bearing veins 
also exist; for innumerable efforts have been made to interest capi- 
talists in their development, and an amount of information concern- 
ing the country, its placers, and quartz veins, much greater than is 
usually necessary to secure the development of a rich mineral dis- 
trict, has for many years been available. Yet to-day we find mining 
operations confined to the preliminary woiks for hydraulic mining 
in the northern-central part of the island, and to the exploration^? 
which were made during the early part of 1881, in the smithern 
portion of the island, at the point which furnished most of the gold 
in the time of Columbus, The impression w^hieh these facts natu- 
rally produce on the practical mind U, that the placers of the island 
are either exhausted, as has happened m so many otlier countries, 
and the quantity of gold now existing there is too small to pay iu 
ordinary mining operations; or that there are obstacles to succehs in 
the climate, labor, government, or some other essential element, 
which interfere with the working of the mines. These are the points 
I shall endeavor to consider m this communication. 

By far the most important source of information concerning the min- 
erals, and the value, in a nuiiing sense, of this district of Santo Do- 
mingo, is the work of the late Dr. William M. Gabb, Ou the Topog- 
raphy and Geology of Santo Dorn ingo/^^ Dr. Gabb devoted the three 
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years, 1869-71, to the survey of the Republic, and his report leaves 
little to be added upon the geology of the district. I shall merely 
state that my personal exanmiatioa of the district fully satisfied me 
of the general acoui'aey of Dr Gabb’s geological determinations and 
statements. Indeed, his appreciation of the probable value of the 
Isabella placers, and of the vast number of quartz veins in the 
vicinity of the Jama River, have been .substantially confirmed by the 
assaj'.s and tests of the ore made for the gentlemen for whom my ex- 
amination was undertaken. 

I prefer, therefore, where Dr. Gabb’s description and views cor- 
respond with my own, to give Ins own words. 

According to Dr. Gabb, the main or central mountain chain is 
composed of a central core of eruptive rocks (syenites), which have 
upheaved and contorted the sedimentary strata overlying and flank- 
ing them. This core does not extend the entire length of the chain, 
but begins near the middle, as a great irregularly-shaperl mass lying 
obliquely across the axis of the range. Its eastern end is abruptly 
cut off in the region of the Jaina. Overlying this syenitic rock, 
pushed up, metamorphosed, folded, and broken by it, is the great 
series of slates, conglomerates, and limestones belonging to the Cie- 
taccous formation. These cover the greater part of the island, and 
are the oldest formation yet discovered within its limits. The sedi- 
mentary roek.s, overlying the older rocks and forming the coast forma- 
tion, are of Miocene and Pliocene age. The eruptions of the central 
range, and consequently the age of the Island, Dr. Gaiib .says, “ could 
not have liecn earlier than the period of the wiiite chalk of Eiirojie, 
and the probabilities are in favor of their occurrence during the long 
Eoc'onc period. .... The metambrphism of the Cretaceous was 
completed before the deposition of the Miocene began.” “ Almost 
everywhere tlie metamorphosed slates carry quartz veins, sometimes 
barren, .sometimes auriferous. These veins are usually small, rarely 
more than a foot or two in width, although one instance occurs oi 
the Upper Jaina River, where a width of over twenty feet is attained. 
In no case have I had reason to suppose these masses of quartz to be 
filled fiasurea, in tlie ordinary sense of the term. In every instauce, 
when a good outcrop occurs, so that its nature could be clearly 
made out, the quartz is found interbedded or interstratified with the 
slate, following its contortions and intimately united on the sides. 
In other words, they are true veins of segregation. Tliey are most 
numerous in the vicinity of the injected masse® ^f crystalline roOk. 
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They occur aUo qinte abundantly in the whitish talcose rock of the 
tnain ridge .... One strongly-marked feature has been observed 
to characterize all of the veins. Those nearest to the intrusive rocks 
are always gold-bearing; and those at a distance from them are in- 
variably barren. This has been abundantly proven by innumerable 
examinations No vem-mining for gold has ever been undertaken 
on the island; but I have caused numerous analyses to be made of 
specimens- from various localities, always with the above results ; 
and further, as a natural influence, every stream running through the 
metamorphie rocks in the immediate neighborhood of ir ishcs of 
syenite carries gold in its sands, while all of those running exclu- 
sively in the syenites, or at a great distance from them, are without 
the precious metal. Thus the Nigua and Jaina rivers are barren at 
their heads, but, immediately on entering the slates, they and all of 
their tributaries are gold-producing. . . East of the Jaina River, 
that is, east of the eruptive rocks, no gold has ever been reported 
[in the quaitz] It is also in this formation that the little copper of 
the Nigua occurs/^ 

I)r. Gabb emphasizes this opinion in many other places in his 
report, in speaking of the quartz veins which are everywhere 
abundant in the metamorphie slates. In his chapter on the ge- 
ology of the region south of the main range, he says . The district 
east of the Jaina furnishes bnt very few items of interest fw' the 
geologist It is a plain, nearly level, or at most gently roll- 
ing, m part open grassy savannas, vaned by long lines of trees 
bordering the water-courses, or in clumps scattered over their surface, 
and covering every depression. • . . The high range, east of Bassimo, 
which separates the waters of the Jaina from those of the Ozama 
and its tributaries, and which gives rise, on its eastern side, to the 
Isabella, is made up of clay slates, rarely talcose, and sometimes jas- 
pery. They are much traversed by quartz veins, some, at least, of 
which are auriferous, A little gold has been found in the bed of 
the Isabella, though not enough to be of importance. In the latter 
river, a greenish-gray fissile claysix>ne is the prevailing rock. ... In 
the woods of Monte Pueblo, and on Madrigal Creek, this rock varies 
from a clay to a talcose slate, covered with a heavy red soil, the rock 
traversed by innumerable little quartz veins rich ia gold. The 
whole surface of Monte Pueblo is auriferous. The greater part, if 
not all, of the soil would pay for washing ; but unfortunately the 
deposit is too shallow to warrant the expensive ditching necessary to 
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caisy water from the Jaina to a height of perhaps forty feet above 
its levelj opposite that pomt, to reach the required level The ag^ 
gregate quantity of gold is probably not sufficient to cover the ex- 
pense of a ditch of two or three miles long^ that would be necessary/^ 
[Lower down on the Isabella, the sands are mi,ich poorer, and the 
leugtli of the necessary ditch many times as long and much more ex- 
pensive ] I have obtained fiom an average of a dozen to a raaxinmni 
of forty ^ colors^ or specks of gold fiom a single panful of dirt 
over the greater part of this area . 

Below tlie mouth of the Mann, the Jaina channel divides. 

Here there is a little piece of fiat river bottom, made up of sand and 
pebbles, and, in 1869, Mr. Ohle ^ prospected ^ it thoroughly, with 
a view to beginning mining operations. He found gold in almo&t 
all of his pits, but did not seem to discover sufficient in any one place 
to warrant further proceedings/^ 

South of the Madrigal, on the eastern side of the river, although 
the hills still retain for some distance a height of two or three hun- 
dred feet above the river, the grassy surface of the savannas begins to 
encroach on the forest The slates continue cropping out to the sur- 
face iu a few places for four or five miles here with a recognizable high 
southern dip, until in tlie Porto Rico Savaujia they are finally hid- 
den by the gradually thickening margin of the savanna gravels, made 
up entirely of d6bns of the rocks of the Upper Jama. Still farther 
south, in the savanna of Santa Rosa, these gravels, with their red 
sand, angular fragments of quartz, and the little streaks of black 
iron sand in every little rain-wash, remind a Californian irresisti- 
bly of the foot-hills of the Sierra Nevada. They are in places 
slightly auriferous, and, though not probable, it is yet not impossi- 
ble that here, if anywhere, spots may be found where hydraulic 
mining might be prasoeuted with success. Isay not probable, be- 
cause the small amount of gold m the present bed of the river seems 
to indicatethat the quantity would be proportionately still less when 

spread over so wide an area West of the Jaina, below tho 

mouth of the Mano, is a hilly region of slates, bounded on the west by 
the syenites, which extend across to the Upper Nigua. These hills are 
traversed by numerous dikes, and are full of quartz veins. The slates 
are m inextricable mixturepf green, gray, brown, and black olaystoues, 
varioualy-coloreil jaapery slates, and some moi e or less talcose. Among 
the first I found, a couple of miles below the mouth of the Madri- 
gal, a Waok rock, slightly arenaceous, very compact, and full of white 
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grains. This is certainly a metamorphic shale, and yet, from its 
appearance in hard specimens, might be mistaken for a porphyntic 
rook. . . . The quartz veins are usually very smali, hardly over a 
few inches in width, and seem to be limited also in horizontal and 
vertical extent. A few, however, can be measured by feet rather 
than inches, and Mr. Spear spent some weeks in making an experi- 
mental opening on one, of nearly three feet wide, to ascertain its 
character. The result of Ins excavation was to disclose a vertical 
vein, with well-defined margins intercalated m the shale. The quartz 
yielded a little gold by the ordinary miuer^s test of grinding in a 
mortar, and washing the powder. It is doubtful, however, whether 
the quantity would have been sufficient to warrant earnest 

On the ridge overlooking the mouth of the Mano, at the head of 
two streams, called the A nones and Caballo, which unite and run into 
the Jama a mile or more below the mouth of the Madrigal, is the 
largest quartz vein 1 have seen on the island. It crops oat on the top 
of the ridge, and its down-hill side is so covered with soil and great 
blocks of quartz, that it is impossible to ascertain its exact width 
from a mere surface inspection. It is ceitauily from twenty to 
thirty feet thick, and may be much more. Fragments of the quartz 
are found the whole length of both streams. Gold is found in every 
eddy in their caflons, and I obtained it by washing' even the dirt 
from the hill-sides. The quartz, as it appears on the surface, is more 
or less cavernous, the cavities lined or filled with peroxide of iron. 
On crushing it in a mortar and washing it, I obtained bright gohl 
in little flakes. . . . Not only is this vein auriferous, but many of 
the smaller ones must contain their share of tlie precious metal. 
Over an area of several square miles of this vicinity, not only do 
the streams yield gold, but the earth on the lull-sides, and even 
on their summits, contains it. About La Horea, we found gold 
everywhere, and throughout the woods are innumerable pits, often 
twenty or thirty feet in circumference, and many feet deep, whence 
the Indians mined the clay and gravel, and, carrying it to the near- 
est stream, washed it. It is doubtful, however, if placer mining 
could be made profitable on a modern scale. Not but that the dirt 
is rich enough, but its quantity in, any one place is not sufficient to 
warrant the construction of expensive ditches, and the slow process 
of carrying the earth to the water in the Indian style is too labori- 
ous and costly to be thought of. Although innumerable little 
streams intersect the hills, none carry sufficient water for sluices. 
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Possibly some of the larger creeks, like the Caballo, Anones, Jivaiid, 
^tc,, might pay moderately to wash their channels, but they would 
be exhausted too quickly to make them an object of attention alone. 
The v¥omen constantly vrash gold in the creek beds, and also in 
those of their tributaries, using the well-known ^batea^ or wooden 
bowl. They are content with a return of three or four reals (37-| to 
60 cents) per day. I have myself obtained in the Jivana grains 
worth as much as ten cents in the ordinary gold pan, and I have 
seen lumps weighing a quarter of an ounce, obtained by women in 
the same manner/' 

There can be no doubt as to the sources of this gold. It is true 
that it is usually more or less rounded, but a very little transporta- 
tion among hard stones will suffice to produce this appearance. It 
is never found far away from or up-btreaui above the quartz veins. 
Wliere <\mvtz is most abundant, the gold is also found in the great- 
est quantities, and where the one [quartz] is absent, the other does 
not occur. On the hill-sides, the auriferous earth is clearly derived 
from the decomposition of the underlying slates, and finally, gold 
is nowhere found in those parts of the streams running only in the 
eruptive rooks, iink'^s a belt of slate crosses still higher up. Nor is 
it ev^r found in the earth overlying the syenites. Throughout this 
region syenitic dikes are constantly encountered, and the upper half 
of the Jivand rmis through the parent mass, while veins of the same 
rock crop out in several places in the lower part of its course, as well as 
at the mouth of the Anones, and in the bed of the neighboring part 
of the Jaina. We have thus a further proof of the theory, already 
enunciated, that the proximity of eruptive masses is the cause of 
the presence of gold in the quartz veins of this country/' 

Dr. Gabb's explanation of the origin of the gold-bearing gravels 
of San Domingo is undoubtedly correct. They come from the dis- 
integration of quartz veins The greater part of these appear, as he 
says, to be merely segregated veins, intercalated in the metaniorphie 
blates, though some of them, which occur in the syenites, appear to 
be true fissures, filled, probably, by segregation from the country 
rook, as is indeed the case with most quartz veins. The important 
pmoiical question is, whether these gravels and veins contain sufficient 
gold to make their exploration profitable. 

The work of the Indians was confined chiefly to washing the 
gravel found in the beds of the streams, which were far richer then 
than now, and far richer than that on the savannas and plains. 
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On some of the streams, they also dug pits of considerable extent in 
the banks and small valleys which bolder the sti earns on which we 
now know of the existence of gold-bearing quarta veins. 

The fact that these ancient works, made when the whole country 
was thickly inhabited, and the gold-mining industry had attained 
its greatest development, and was pushed with an ardor that tended 
mueh to the extinction of the native population of the island, were 
confined to the present river-beds, except in a small number of in- 
stances, must be taken as an indication, if not an absolute proof, that 
the gravel-beds, with few exceptions, did not contain paying quan- 
tities of gold, except in the concentrations of the river-beds. 

A great number of tests of gravel from different parts of the 
plains and river-beds, supposed to be the richest, were made by 
two French engineers in charge of the exploration works, on which 
I reported in 1881. These tests were made with the pan or 
“ batea,” by native women, experts in this work, and the results ob- 
tained showed an average of less thstn one cent per cubic meter 

I visited a nuralier of the more important openings made, saw 
the bed-rock in place at a great number of points iu the plains or 
savannas, and tested myself, with the pan, some of the points in the 
river-hed which had given the highest returns. I also tested in a 
few places the gravel from the banks of the streams which were 
represented as canying the most gold, .and substantially confiimed 
the accuracy of those results. I found golil in many places. In none 
did I find any very rich pans, and it was evident that the gravel 
from the banks of the streams and from the plains was very much 
poorer than tliat from the beds of the rivers. 

If the average amount of gold found had been Um times greater 
than it was, it would still have been insufficient to make economi- 
cally possible the working of these gravels on a large moderu scale 
by any system of mining applicable to them 

The amount of gravel in any one place is insufficient, even if it 
were rich enough to work, to justify the expense ol bringing the 
water from the great distance necessaiy to get head or pressure, and 
there is no sufficient dump-room for the gravel, even if its quantity 
and richness were such as to justify the bringing in of the water. 
So that the mining value of these gravel-beds is absolutely zero, 
Tliei’e are quartz veins, also, on the Isabella Eiver, but though those 
occurring near the junction of the metamorphic rocks and the syenite 
are doubtless auriferous to some extent, there is nothing now known 
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oonceming them that would give them any commercial valuCj nor 
arc the piospects of success suiBciently piomising to justify the 
penditure of further capital in exploiatioa work. The assays of 
numerous samples gave no gold. 

The greater pan of the quartz veins of the Jaiaa are evidently 
iiitei bedded veins in Ingnly silicious metamoiphic slater near the 
contact of the bvenile They \aiy in thickuebb^ fiotii a meio string of 
quartz, ui lining a few feet in length, to veins of ^.evoial feet in thick- 
ness, and of couhiderable, though unknown, length. They are, to 
all appea^inccb, segregations of silica from the sui rounding rocks, 
and are doubtless subject to the usual wide fiuctnations m thickness, 
length, and deptli, which ehaiacteiize veins of this character. 

There are, probably, also quartz veins in syenitic rocks which 
have a general north and south direction. These several \ems have 
usually a day parting on the walls, although, as the openings are 
thus fur to a depth of only ten to twelve meters, where the rocks are 
fetill decompobcd, it is not certain that the quartz will not ‘^stick^^ to 
the unaltered country rock when greater depth is attained. Indeed, 
it IS highly probable that the mtetealated quartz will stick to the 
inclosing sluiles 

I had a< large number of average samples, some of tliem over a 
ton in weight, taken from a number of different veins, and assayed. 
]Mone of the'^e samples showed any paying quantity of gold, and most 
of the ore was found to contain none at alb There is never any gold 
visible in this quartz, and the results of the assays should represent 
fairly the average value of the oro at the deptlis attained. 

We are fully justiiied in concluding that while probably bevei’a! 
of the Jaiha veins contain traccb or small quantities of goldi, none 
of them carries it in any quantity which would justif)'' the ex- 
penditme of capita! even in exploration work. Engineers are fie- 
qnently called upon to examine poor property, and to explode over- 
sanguine estimates, but it is i^are to find so slight a foundation as 
this district of San Domingo affords for the magnificent reports of 
incalculublc riches winch have been circulated periodically smeo the 
dajs of Columbus. The simple fact is this : its placers, which were 
never extensive, were long ago worked out, and thus far the most 
diligent search has ikiled to find among the hundreds of quartz veins 
known a single^ one that eon tains paying ore. 

In addition to tliis, it maj bo stated in a general way, and without 
going into the detailed infm-ination which abundantly subbtantiates 
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the opinion, that there are obstacles to success, in the form of cli- 
mate, labor, government, and other essential elements, so serious as 
to be scarcely second in importance to the richness and quantiti' of 
the giavel or quartz m determining the investment of capital in this 
historic district. 


THE 4 M OTTX'P OF OIL BEMAJF^IF'O IFf PEFTIfSYIjVAWIA 
AYD NEW TOSK. 

BY HENRY E. C.E,, PHILADELPHIA. 

THE BOUNDARIES OP THE OIL REGION- 

The boundaries of the oil region in Pennsylvania and New York, 
as determined! by the drill, embrace a much laiger extent of tern- 
toiy than is geneially supposed, being nearly 200 miles in length 
from north to south, with an average width of 25 miles, fiovering an 
area, within somewhat iiregular lines, of about 4250 square miles. 

A.flcr twenty years of development ne hnd these lines practically 
the same as those laid down by McClure in his geological map of 
the United States, published m 1817, and denominated and colored 
by him as the “line of salt,” which was found m quantity long 
before petroleum. 

The eastern line of the entire oil region lies in a northeast and 
southwest direction, parallel to and some distance west of the 
Allegheny Mountains 5 the sooth line is substantially one drawn 
between the western boundary of Butler County and the town of 
Kittanning in Armstrong County j the west line passes just outside 
of Butler County, cutting off a small corner of Mercer, west of the 
towns of Uianklin, Titusville, and Warren, into Jfew York State, 
wheie it rounds off the end of this long strip in the counties of Al- 
legheny and Cattaraugus, and joins the eastern line, near Clean, New 
Yoik, noith of the city of Bradford. (See map.) 

The eastern line, starting from Kittannmg, passes through the 
northeast corner of Clarion County, the southeast corner of Warren„ 
cutting Forest County through the centre, and reaching the before- 
mentioned extiemo northeastern developments near Clean. Tliese 
lines have been taken broadly to inclnde all territory that could ever 
possibly come into the question as oil-producing 

These lines having been proved by the drill may be considered 
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filial. But there are also structural reasons for their exih^tence. 
The south Hue is final because the oil-gathering sponge-rock on that 
line is found at such a depth, owing to the dip of the strata from 
the northwest, that the known temperature of the earth at that depth 
pieclades the existence of hj^drocarbons in any other than a gaseous 
form. The string of gas wells from Leechlmrg to South Butler 
County are brilliant and permanent witnesses to this fact. 

The whole of this section of these States was at one time a level 
plain, the Allegheny Mountains being only waves of upheaval^ 
these waves dying out as they went more and more faintly towards 



the Ohio line. The vertical fissures left in the strata by these waves 
of upheaval S-llowed the gas to come up from the buried shale 
20j000 feet below^' and condense in the pebble rocks under a solid 
cap or cover of unbroken rock 1500 feet thick, where the drill tapped 
it in the form of oil. But where the rolls of the strata were so great 
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that the 0^sures extended cdl the wai/ to the eiaface, the gas came to 
the surface too, and went ofi" in the air as fa^t as it was made. 

The eastern limit is the line where all the fissures of the anticfi- 
nals and sjnchnals fiave come to the surface, and a veiy little re* 
seal eh will satisfy one as to the certainty and finality of this line. 

The reason for the west line is jnsfc the opposite; the waves all 
died out and theie weie no fissures at all, so tlie gas could not come 
op. This same reason holds good on the north line all the way 
round to Olean, with this exception, that on the noith line the fis- 
sures do exist at a greater and greater depth as we go northw'ard ; 
and we can reach them by drill and torpedo if we go deep enough, 
provided we never exceed the safe depth for temperature of 2200 
to 2500 feet. We may safely assume that at a red-hot depth under 
the whole country lies the ‘vast bed of ihe Huron coal shales, and 
the question is only one of distillation and outlet; of a condurt 
to some natural condenser with a strong cover near enough to the 
surface of the earth to be above the line of temperature, so that 
we c£in tap it with the drill. JJo account is laken of the oecurrences 
of oil from the^apper light shales in the sliallow wells at Mecca, 
Ottin, and elsewhere west of this western line, as they are t<)ta!!y 
unimportant factors in fche general problem. 

GEOLOGY OP THE OIL BEGION, 

Assuming the general surface of the countiy in Western Pennsyl- 
vania to be level, a board with its edges due north and south, east 
unci west, tilted up slightly at the upper left-hand comer (repieseni- 
iiig the city of Erie), will give the general idea of the dip of the 
strata throughout this section. It will show two dips, one to the 
east, the other to the south j and, as the surface is level, these strata 
eoine successively to the surface as we go northward and westwaid. 
The oil sands of Butler County, for instance, if projected into the 
air on the line of their dip, would be 1000 feet above the level of 
Lake Erie; so too, the same third oil sand that we find at Tidioute, 
at<i depth of 100 feet on the river bank, we find at 1800 feet its 
Butler County. The oil sands practically end and crop out all 
across the oil section on the hne shown above Tidioute, 

Kow there are four conditions necessary to the production of oil 
in quantity : 

Ist. The oil shale, which exists under the entire region, and far 
outside of it at a red-hot depth in the earth. 

2d. Such vertical fissures, caused by upheavals in these secondary 
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strata, as will allow the gas generated by the heat of the earth from 
these carbonaceous shales, to escape upward to a point within, say 
2000 feet of the surface. 

3d. Between this point and within, say, 100 feet of the surface, a 
cooler reservoir, either of coarse pebble rock or an aggregation of 
small fissures to receive the gas and condense either with or with- 
out pressure, into oil. 

4th. Over this reservoir there must bo a solid cap or cover of 
rock to confine the products of distillation. 

In the entile legion south of Tidioute the third or oil sand is 
traced readily by the record of the weil», and the known dip of the 
rock of about 20 feet to the mile, the level of the wells, if on a hill, 
beieg first taken from some known point. 

In the entire region nortli of Tidioute the reservoirs are simjdy 
crevices and have no reference to sands, but the operator cai r} ing his 
experience of oil sand with him from below, drills his well down to a 
cettaio close gray sandrock as a guide. Il is simply because be finds 
that the general horizon of the termination of the vertical fissures 
at the upper end occurs in this particular line of strata. Tlie gentle- 
ness of the \^a^Ts of strata at this point and the insignificance of the 
dip account for the genoial regularity of the sand-rock But great 
perplexity is often caused by its occasional irregularity. 

This entire long oil section of 4250 square miles may therefoie be 
divided into two areas of pcbble-rock and fissure territory respec- 
tively, with the dividing line of the outcrop of the pebble-rock a 
little above Tidioute. The oil region may be defined as that por- 
tion of Western Pennsylvania and New York which, within the 
boundaries here defined, possesses all tlie four requisites mcntioaed 
for the production of oil in quantity. On the east there is no cover, 
on the WTht and north it is all cover and no crevices within reach of 
a proper depth of temperature, and on the south the reservoirs are 
all below the hue of temperature.’’' 

THr4 PRODUCTION OF OIL. 

Until January Jst, 1875j the known area of oil territory was 
3116 square miles. This embraced all that part of the oil section 
described as pebble- rocsk territory lying south of Tidioute, with but 
trilling exceptions outside. Up to that time but 39| square miles, 

^ In vt)L J, of the Beport of the Second Oeological Survey of Pennsyh ania, fuller 
detailR of the^e points eftn be found than the limltb of tlu8 paper will peiatiit 
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Of aiHJUt 25,000 at‘ieh, of this area had been found to be actual pro* 
aucmg territory by the toinkiug of nearly 11,000 wells. 

Baring the next three years the discovery of fresh fields became 
more difficult, and as the average life of a well does not exceed two 
and one-half years, the price of od steadily increased. This stimu- 
lated .search to such an extent that before 1879 over 15,000 more 
wells were put down ui all direction^, resulting not only in the dis- 
covery of eleven moie square miles of territory but in coiideninmg 
a vast portion of the outside field 

In 1879 Bradford had attained such proportions that its large 
product thrown on the market discouraged the expensive wild- 
cutting^^ and the deep-well sinking of the lo\\ or field ; since then 
theie have not been added inoie than three and a half square miles 
of actual producing territoi y, making the total amount in the pebble- 
rock territory 54 square miles. 

From the manner of “ feeling one^s way/^ with the drill in devel- 
oping the lower country, the opemtor, in defining every five square 
miles of actual producing teinloiv, condemned 60 to 100 square 
miles aioiiud him by his test-w’ells or antmnee, spioad out m all di- 
rections. I believe this will be accepted as a fair estimate based on 
expeneiioe, and will di&pose of at least 800 square miles. 

Now as the boundary lines of the entire oil section, ranging in 
length much over 400 miles, are all staked out by gas wells, dry 
holcte, and failiire.s, and as the area has been liberally estimated, we 
may sufely diaw around these boundaries a cordon of' an average 
widtn of two miles, and that will dispose of at least 800 miles more. 

There is not one particle of the territory south of Tidioute and 
west of the Allegheny River, as far down as Franklin, that has not 
either been exhausted or condemned for all purposes of quantity, by 
peisisteiit and unmitigated ^Sviid-catting.^^ There is only left, on 
the west side of the Allegheny all the way down below Franklin, 
a small belt or strip of land, what may be Cfilled uncertain land, on 
the west side of Butler County and the soutliwest corner of Ve- 
nango County, not exceeding 180 square miles. 

On the east side of the Allegheny, below Oil City, there is only a 
small area of not more than 40 square miles in the north part of 
Clarion County and vicinity, wdneh may possibly be oil-bearing. 
There is left on the east side of the Allegheny, north of Oil City, 
all that part of Forest County lying west of the great east boun- 
dary, still a wilderness, containing 350 square miles of uncertain 
pebble-rook territory, good for shallow wells (in spots, of from 100 
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to 500 feet deep) TKere ih left also in the interstices, so to speak, 
of these larger areas-, and scattered over them, a number of small 
uninvesttgated producing areas which will, no doabt^ be productive 
later to a small amount 

Any one who will give the subject candid coasideration will not 
claim 500 square hhIch of what may be called uncertain territory in 
the pebble-rock division of the oil seotioa , and the'aniount of actual 
oil territory, judging by the results of twenty years in the remaiaing 
2600 square miles, will not be more than eleven squate mites. 

The 1200 square miles of the oil section north of Tidioute, which 
has been described as crevice teiritory, must be considered in m 
entirely different manner. The key to the exact location of the 
boundary line of the oil section m New York, on its noith and 
west lloe^5, may be found m the following illustration: 

The crevice which furnishes the gas in the well atFredonla, New 
York, on the lake shore, was found at a depth of 1500 feet below 
the bottom of the oil wells near Olean, New Yoik;*^ (hat L why 
they find only gas in that section The crevice reaervoiis lie deeper 
anddeopei as the waves of di^tuibance die out northward and west- 
ward, until they pass that point of the hne of teniperatare at wluoh 
oil can oNist as a fluid. This line which I have described the 
final north and west boundary, can bo i^eaJdy tested by any one who 
will take the record of the wells ou the lake shore and the nearest 
producing wells, and measure off h> the. point between them that 
Ctills lor a mean geological honzou of 2000 feet from the mean gra- 
dient of the^sip'face. 

h’or the same reason no well m this section should be considered 
until it has been dnllod at least 2000 feet, and well shot with 
toi pedoes. There me no doubt a number of wells which have been 
al^lndoncd uhder the mistaken idc.i of the necessity of reaching a 
ctrtain sand, and which might have been driven several huiidied 
to a good production. 

The pioportionate area of actual producing territory in the crevice 
ml section will approach nearly to 40 or 50 per cent. It does not 
follow that the actual amount of oil obtained is neceesarily much 
greater than in the pebble-rock section, for the wells are sc^attered 
more widely apart over large areas, mstciid of being huddled together 
over a small bed of sponge-rock in the lower region. Assuming that 
as mu<;h as 600 out of the 1200 square miles of crevice-rock section 

htjo htictiou of oil country xn voL J, (iool. Survey of Fenna 
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will be foudd to be oil territory in the manner here described, Brad- 
ford and the vicinity of Olean have already coBsnmed 230 squaie 
miles, well determined and aheady on their decline. This is a matter 
of commercial record. The time occupied m this exhaustion 15 the 
fktetost on record, only a little over two years. Some 80 moie square 
of new territory are also now in full operation, around Rich* 
burg and elsewhere. 

With this simple outline of the oil field, and with the records of 
aotnal results, one can readily form an estimate of the amount of Oil 
remaining. There is no necessity for republishing here the detailed 
tables of statistics of production of oil. The present situation is 
simply this; 

If 54 square mjles of the lower actual territory produced in 
round numbers 108 millions of barrels of oil, then the ele,Yen 
square miles left will give ... ... 22,000,000 

If 230 square miles of crevice-rock temtoiy pioduced 46 mil- 
lions of barrels, then the 370 square miles remaining will 
give ... . . . 74,000,000 

Total, 90,000,000 

It is only necessary to a05 that the present yearly out-put is over 
25 million barrels, 

Conchmon — There are many minor questions that arc necessarily 
excluded in a concise presentation of this subject, such as the possi- 
bility of resuscitating old oil fields; of the imperfection of the sur- 
veys of Western Pennsylvania; of the enormous waste and destruc- 
tion in the early oil developments ; of the origin of the oil ; of the 
effect of the denser gravity of the sui face-\\ ater on the oil in the rock, 
etc. 

The thought which the writer desires to present plainly m this 
paper, which is the result of many years of close observation, is 
that the oil section has aow reached a point of development when 
the amount of ml remaining can be measured with sufficient ac- 
curacy to predict definitely the life of the region. He docs not 
wish to be confci<3ered a pessimist, he would be glad to know 
that he is WTOng; but the possession of a check-book is not of 
itself an ^viclonce of wealth. We have had a certain fixed quantity 
of oil placed to our credit in the Bank of Katine on whi«"h we 
have been drawing checks for twenty years; in 1876 wo were 
checking out 6 millions, and in 1882 we are checking out 25 tnii- 
lions annually. Some day the check will come back indorsed “ No 
deposit and we are approaching that day very fast. 
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lEON Al^D STEEL COTfSIBEBEI) AS STETTOTUBAL 
MATEEIAL8---A LISCUSSIOX 

President Metoalf called the meeting to order, and asked Mr. 
Ashbel Welch, President of the American Society of Civil Engineers, 
to open the discussion. 


Remarks of Mr Ashbel Welch, 

Gen^emen of ihe Anw toan Institute of Mining Engine^^s — As you 
well know an application is about to be made to Congress^ by the 
American Society of Civil Engineers, foi tlie appointment of a com- 
mission composed of persons skilled in the production and U'^e of 
iron, steel, and other structiual materials, whose duty it shall be to 
rest the strength, elasticity, and other qualities of such materials; 
wot simply the substances used as such, but the members of large 
structures composed of such material^, of the forms and sizes m 
which they are actually used. As T undei'stand, the papers that 
will be read here to-night will have for tlieir object to show the 
necessity for sudi tests, and therefore the necessity for the commis- 
MOO asked foi. 

As the representative of the Society of Civil Engineers, I have to 
thank you, gentlemen of the Mmiog Eoguicers, for the great zeal with 
which you have taken up this subject, and seconded the efforts of 
the Civil Engineers; or, perhaps T ought rather to say, initiated the 
offoits to get a suitable commission appointed to obtain most vitally 
rmpoiiaut information which it is admitted on all hands we do not 
now*’ possess. 

In drawing up the Itiemorial to Congress, in connection with some 
of the’ ablest and best informed of our Society, and in all the discus- 
sums on the subject, I have been struck with the emohasis with 
which the confession is made, that so little is known of the strength 
of the larger-Rized members constantly used in building structures 
of the magnitude which the present requirements of the country now 
demand. I presume the remarks made to-mght will bring this out 
very prominently. This is no disgrace, for with the means heie- 
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tofore in it was impossible to get the information required. A 
good preliminary step towards the acquisition of knowledge is to feel 
and frankly confess our ignorance. 


Paper by Charles Macdonald. 

05f THS OF OOVEBKMI-l^T AID IN OKGAM2INCr S. SYbTEM Ol’ TUbTS 

OF MATERIALS LbED FuP bmrCTUR IL PUilPOSES. 

Ii nia^ =5eera to be almost unnecesbary to occupy the time of the 
Institute in further consideration of a question wliich has been so 
comprehensively treated in pa]>er< already o a file in our own Irons'* 
actions and in those of the American Soeiet}' of Civil Engineers'. 

Unfortunately, however, the results of these concerted efforts have 
not been materially to increase out stock of knowledge m the direc- 
tion sought for, and as the necessity for this information is becom- 
ing more and more apparent as the dennaml for structiiial matenala 
increases, it is believed that by continuing the agitation by ineans 
of discussions iu this and kindred societies, whoso members are 
vitally interested in obtaining reliable data as to the properties of 
the materials they are called upon to work with, public opinion 
may be educated up to the importance of exerting such an influence 
upon the law-makers of the countiy as will result ui the foimatioii 
of a competent board, with adequate means at its disposal, to carry 
out this great work in a manner alike acceptable to the makers and 
users of the materials in question. 

It may be proper in the first place to glance briefly at wiiat has 
been attempted thus far, then to indicate some of the more impor- 
tant lines of needed investigation, and finally to eoiibider reasons 
why government aid may with propriety be sought for in eariyiug 
on the work. 

At a convention of the Society of Civil Engineers hehl at Chicago 
June 5th, 1872, it was, on motion of General William Sony Smith, 
resolved, that, 

Whereas^ American engineerfi are now uminly dependent upon farmulas 
for the calculation of strength of the different term*, of iron and ateel, not based 
on eipcrnneats upon American materials and manuhicturc, and 
“ Whereas^ Thc«*e differ greatly in many of their characlori sties from those 
of foreign production, both in their nature and forms , therefore, 
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“ Rj’fiOLYFD, That a crymmiUee of 6vo he appojntpd to ujge upon the UnUcd 
Still Government the inportanee of a thttrouj^h and eomplete “belle's of tests of 
Aniencan iron and fateel, and the great value of f.rmiil.ie to be deduced from such 
exponments ” 

Pursuant to this resolution a eommittee was appolutodj, by whose 
etFoi'ts Congress was iiKlueed to pass a law', March 4th, 1875, pro- 
viding for the appointinenl of a United States Board to Test Iron 
and Steel, and an appropriation of seventy -five thousand dollars 
($75,000) was made ibr that juirpose. 

The board appointed under the law above referred to consisted of 
Ooluiiti] 1\ T. S Laidley, OidnaneeDepaitaienl, U, 8. A*; Comman- 
der L. A. Beardslee, U. S. N, ; Lieutenant-Colonel Q. A. Gillmore, 
IT, S A . ; Chief Engineer David Smith, U. S. N* ; William Sooy 
Smith, C. E. ; A L Holley, C. E.; E. H. Thurston, A.M., C. E., 
Secretary ^ and they were ordered to leport from time to time to the 
Preshlcnt of the United States. 

It was deemed the and most important duty of the board to 
provide an aoeuraie testing machine. This proved to be a more 
serious matter than was at first bupposod. There were no machines 
in the country which could be considered as giving anything more 
than approximate results; and to construct a new machine upon 
approved principles requned much time and a large expendituie of 
money ;< much more, in fact, than was represented by the sum paid 
for it. At length a machine was completed, which for accuracy of 
the results obtained and range of powder exerted, is unequalled, per- 
haps, 111 the world. Owdug to the length of time expended m com- 
pleting it, however, the original appropriation became exhausted, 
and the board was legislated out^of existence, having had scarcely 
an opportunity to verify the capabilities of the very instrument which 
had been brought to perfection under its fostering care, and through 
the proper u^e of winch so much valuable information could be ob- 
tained. 

As might have been supposal, the board did not confine its efforts 
to the construction of this machine. About 150 specimens of steel 
were analyzed, and tests of their physical and mechanical proper- 
ties made with a view to determine the relations between chemical 
constitution and useful qualities. 

In wrought iron the ejffects of reheating and rerolling were care- 
fully examined, and the report contains valuable information as to 
tlie different processes of making and riilling iron, the effects of 
various kinds of strain, the beat uoethods of making cables for large 
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vessels, and to determine how aniform strength can be secured in 
iron of different sizes in the bar, and how to make large masses 
equally strong with small pieces, 

Alloys of copper-zinc and copper-tin-zinc weie exhaustively ex- 
amined and the results exhibited on a small triangular model from 
which may be obtained by inspection the character if tics of any pos- 
sible combination of these metals. 

Extensive p^’epaiations had also been made for ascertaining ex- 
perimentallv the stiength of rolled beams and shape irons, for 
which we are now dependent almost entirely upon theoretical for- 
mulas 

Although the board had ceased to exist, the machine remained 
the propeity of the United States, It is located in the Watertown 
Arsenal near Boston, under the immediate charge of the Ordnance 
Department of the army, and is nominally at the service of en- 
gineers and otheis who may be able to deft ay the necessarily heavy 
expense of working it for their own private benefit So much for 
what has alieadv been accomplibhed. Should the efforts now being 
made to revive interest in the subject prove successful, tlie field for 
investigation wul be fonrtd to he most fiuitful of results. To men- 
tion a few instances only • In the department of bridges there were 
required for last yearis construction not Icfs than 80,000^ Ions of iron 
and steel, lepresentmg, say, 60 miles of bridges, over wlueh the safety 
of life and limb is supposed to be assured by the accitrncy of the 
calculations of the designer, no less than the quality of the materia! 
employed. Of this material upwards of 35 per cent, is in the form 
of compound sections specially adapted to resist compressive strains; 
and yet until quite recently all the experimental data upon which 
such sections arc designed were obtained through the instrumentality 
of testing-machines which, pauicularly at high pressure, are liable 
to give erroneous results 

Quoting from Mr Holley^s pai>er on the United Stales Testing- 
machine at Watertown,^ alluding to C. E, Emery device for over- 
coming packing friction * 

It is certainly worih many times its cost in }>roving the worth- 
lessne^s of h}c]raulic te^ting-nmachinesi as heretofore constrinjted. 
The leadings of tlie permanent weighing apparatus as compared 
with those of the cylinder gauge when the piston was not revolving, 
Ehowed in some eases an error of 40 per eent.^^ 


^ TiansirnoT)', Ann uc'.m Iii^tiOile of Mining Engmecis, \oL vii, pflge 2S9 
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It IS safe to say that the recent fall of one of the nio&t important 
bridges in the country would not ha\e occurred, if, at the time of 
5ts construction^ the engineer could have tested fulhsizecl sections of 
his material on such a machine as the goveinoient now owiii> at 
Watertown Aisenal, 

The tension membeis of bridges are in the foini of eyebars vaiy- 
ing in sectional area ficra one inch to twenty inclies. Until quite 
recently it was assumed that the same strain pei sqnaie inch might be 
applied iiidiscrimmately without regard to the &i>.o of the members^ 
or to the anriount of work done upon the material in the rolls; but 
the few bars which have already been tested at Watertown clearly 
indicate that this is a most erioneons assumption ; and one of the 
first duties of a testing board would bo to establish the law govern- 
ing the dmiimition of stiength due to inei eased section, and to estab- 
lish the relation between ductility and ultimate strengtli Then 
wouhl follow tests to determine pioper form of head, and such other 
details of manufacture as might suggest tiiemsclves* 

Of rolled beams there were produced last year upwards of 60,000 
tons. This form of product is used chiefly in floors of buildings, 
often to sustain great eight, as in warehouses, and somewhat also 
us btringons in bridges. Their strength is estimated by theoietical 
formulas in which the physical constants are taken from experiments 
upon foreign iions tested under oircumstanccb entirely diffei eat from 
what are obtained in actual practice Fortunately for the cause of 
safety in the use of such materials it is probable that the formulas 
in qucbtiou do not rejircsent the full sticngth, and that a consider- 
able amount of unnocessary weight is loaded upon our structures in 
consequence; but there is all the more reason wdiy the actual strength 
should bo determined by expenment, in order that a uniform factor 
of snfetv may apjily to every member of a structure, or in other 
woxds, that it shall be equally strong in all its parts. 

Did time permit, it vvould be possible to point out many other 
diicctiouB in which experimental knowledge is sadly needed, but if 
nothing else were done than to determine practically the laws wduch 
govern the strength of compres^^ion and tension members of bridges, 
ami the flexure of rolled beams, a very great advance would be made 
in, our modes of eonstruction, and a greater safety would be assured 
to the hundreds of thousands of people who are constantly trusting 
their lives upon such structures. 

What iias been said regarding the importance of testing partic- 
ular constructions applies equally to iron and to steel ; but there are 
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Special reasons for investlgatmg the properties of steel which should 
command attention. It is admitted to be the metal of the 
for large coastructions at least] it is stronger and more homogeneous 
than the best iron, and o^Y!ng to the substitution of mechanical ap- 
pliances for \\astefu] musculai effoit in its manufacture, there will 
come a time, and that before very long, '^vhen it can be furnished 
commercially at less cost than iron, m large quantities and of uni- 
forni quality. It only remains now to determine by a competent 
and disinterested authority uhat the general characteristics of this 
material aie, to insure for it a continually increasing demand. 

At present the finished product of the converter is principally in 
the form of steel rails It so happens that the best testing-machine 
for a ^teel rail is the track, and railroad companies, by careful in- 
spection, taken in connection with chemical analysis, are thus experi- 
mentally determiningthequality of steel which answers best for that 
particular purpose. 

For other constructions, such as bridge and ship work, very dif- 
ferent qualities of steel are required, depending on the nature and 
direction of thefoices to which it is subjected; and until all such 
qucbtions arc determined by competent and disintoiested investiga- 
tois, the benefits to be derived from the cheap production of steel by 
the pneumatic or open-hearth processes, will for a long time be con- 
fined to the favored few who are engaged in supplying the demand 
for Steel rails. 

It is hoped that enough has been said to establish the fact that a 
producing class of the enmmunity stands in want to-day of certain 
scientific information, which, if obtained promptly and iii a manner 
to command universal aeceptauee, would tend to improve and en- 
large one of the staple industries of the countiy. From the nature 
of the case such information can best be obtained by the assistance 
of the General Government. Shall the effort be made to secure such 
assistance ? 

It may be asked, why should the United States Goveniment ap- 
pro])riate money for the purpose of making experimental investiga- 
tions which might as well be undertaken by those who are imme- 
diately intereste<U In reply to this, the following quotation from 
the menioiial recently presented to Congress by the American So- 
ciety of Civil Engineers will eoramend itself: 

And your memorialists further represent that there is no pros- 
pect that the necessary tests will be made without the aid of gown- 
ment* Should private manufacturers or builders test their own 



IRON AND STEEL WNSIBERED AS STEUCTUEAL MATERIALS 3^7 


mateiials tliey might not giy<^ the public the benefit of their experi- 
ments; such experiments would not have that assurance or impart- 
tiality and that high authority which those made under the authority 
of the government would have Experiments condiiciecl by private 
partie^b would be so different in the objects, methods^ and circum- 
stances of applying tests as to render it unpossihle to properly 
collate and veiify them; they would therefore be of comparatively 
little value ui ascertaining accurate general results*’^ 

I am aware that it is often a difBcult matter for Icgidators to 
draw the line between public and private interests, and that in the 
multiplicity of claims made upon them they must be expected to 
look doubtingly upon anything that calls for money ; but tt would 
seem that where such enoimoiis revenues are derived by the country 
from the effort to secure the exclusive consumption of American 
manufactures of iron and steel, it would be asking no more than 
justice for the users of tliese materials that the government should 
lend «!uhstautial aid in dotcrmimng their general eharaotenstics* 
Again, the government of the United States is in 'possession of a 
most important element; in the problem, the testing-machine already 
referred to; it represents a very considerable expenditure in money 
and years of patient labor, which, it is safe to say, would never have 
been expended had there not been a well-grounded hope that an 
amount of knowledge would be obtained through its in'=^trumeatality 
which would contribute largely to the general good. 

In its present shape this machine is utterly unable to meet the 
wants of even such private demands as are made upon it. I am m- 
form(‘d by an engineer now engaged in the construction of one of the 
most ini porta at bridges in the country, that he recently sent to 
Watertown nine steel eyebars to be tested, and it reipiired seven and 
n. half days to make the tests, while the cost to his company was at 
the rale of $15 for each bai. Tins is admitted to be due to the fact 
that there arc no means at the disposd of the department where- 
with to engage an efficient {>ermanent staff of assistant'^ to handle the 
speeunens promptly, and the result is that a inoet valuable instru- 
ment for scientific research is allowed to remain in comparative idle- 
ness for the want of a few ihoastuid dollarb. 

As to tlie most effectual means of expending government aid m 
the direction sought, there may be difference of opinion, but all are 
agreed as to the necessity of obtaining results which may be ac- 
cepted as authority alike by mauufiicturcrs, builders, and engineers. 
This could be aocumphshed either by the appointment of a special 



S68 ino^ and steel OONSIDEUED as STRUOTtrRAL MATERIALS 


committee, similar to the one created under the law of March 4th, 
1875, with an adequate appiopnatioii to purchase materials and make 
a comprehensive beueo of tests, or failing in this, a moderate sum 
of money might he placed at the disposal of such an institution as 
the one under whose auspices we aie now assembled, to be expended 
in testing such co ns ti actions as would be furnibhed from time to time 
by engineers and othois in then regular practice, with the under'* 
standingHhat all inforiDatioii thus obtained should become public 
property by icgular publication in the Tm 4 wactions of this and Lin« 
dred societies Could feel assuied of the permanence of a special 
commission, the members of which could devote the neceaS^try time 
to the work, this would doubtless be the most satisfactory to a large 
majoiity of those interesred* 

There aie uncertainties, ho-svever, connected with ail such special 
legislation in a government constituted as oars is, that should be 
carefully considered m this connection lest we should be compelled 
to undergo a feini liar experience to that v^hich befell tlie previous 
board, whioh, from no fault of its own, was brought to an untimely 
end after having perfected the means by which, for the first time, 
realty accurate testing could be done in this country 

It is to be hoped that eventually a Department of Public Works 
■will be mstituted, having co*ordinatc po'^’ier with other departments, 
as of the Interior, for example, to which all quobtions relating to 
the expenditure of public money, either for internal unpiovcments 
or for scientific investigations connected therewith, may be retened, 
and through which the interests of the producing classes, including 
engineers, builders, and manufacturers, may receive that special con- 
sideiation winch their importance demands. 

Whatever method may be adopted will be liable to defects as a 
matter of course ^Ye must be content to go slpwly and surely, to 
be patient and judicious in advocating oui claira?^, and above all to 
bear m mind that if our cause ib a good one, as we believe it to bo, 
and we do not succeed in liuprcssing its import^^nce upon Congress, 
it will, m all probability, be our own fault* 


'Remarks of General Meigs. 

I do not know that I can do anv more than to express niy entire 
conciH'rence in the views which have been already cxpreRsed by 
Ml Macdonald. It appears to me that lie has goiie over the 
whole subject I might add ui regard to appealing to the Govern- 
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ment foi an appropriation^ that the Government itself is the largest 
Single user of these materials, the raiilroads together use more, but 
there is no single organization which uses so ranch Congress ap- 
propriates the money with which are erected the large government 
structures that are found now m almost every oiiy. It is stated in the 
pubhe press that it is contemplating the erection of a hundred new 
government buildings in a bundled cities this year* In all these 
buildings the floors are supported upon rolled iron beams, and the 
principal niatenais used tor roofs aie iron* These buildings are all 
dependent for then cost upon the size of their dominant members, 
and, as a consequence, upon the factor of safety v\'hich the engineer 
allows; so that ais long as there is uncertainty as to the proper co- 
efficient of safety, perhaps from two to five times as much metal as 
is actually neeesfeary may be put into these members. There aie 
other materials used m buildings, — brick, stone, marble, timber,— 
but these materials we buy by the cubic yard or cubic foot, they are 
comparatively inexpensive, metal we buy by the pound, and at this 
time we pay pretty high prices for the pound, so that if we can re- 
duce our general ooefficieiu of safety, we sa^e perhaps one-half to 
two-tlprdh of the actual cost of the material used. Congress sits 
under a roof of non, its building is crowned by an iron dome, it is 
about building a new navy and is considering whether it shall be of 
btcel or of iron, and the iCbult will depend upon the comparative qual- 
ities of steel and iron. I see itfotated by a gentleman, eminent in 
the actual practice of steel making, that his company is prepared 
now to furnish steel which shall be guaranteed a tensile strength of 
60,000 pounds to the square inch, with 30 per cent, elongation. One 
can hardly imagine a moie admirable metal. 

Therefoiel think that this society can with a good heait go to 
Congress, and if they can only convince some of its leading members 
of the necessity of more knowledge on this subject, it appears to me 
they muvst meet with success. 

Remarks of Captain Lyle. 

I was very much interested in Mr. Macdonald's pajier, and I c^n say 
that there is nothing in it to which I cannot heartily subscribe. la 
speaking of the want of knowledge that has existed, and still exists, 
among engineers in regard to structural materials, their i^trength, 
etc., my own experience has taught me to doubt the reliability of the 
ordinary testing machines. 

VOL X—-24 
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In one ca«ie I tested a piece of matal for gun-ban els, osing very 
small specimens, Mdiieh gave a tensile strength of over 65,000 poantis 
to the square inch, and yet the barrel burst at a much lo’^^er pres- 
sure. In another case a barrel burst in service-firing with a pressnra 
of from 55,000 to 27,000 pounds per square inch, as indicated by the 
Rodman pressure-gauge I took a piece that was blown out, turned 
down the specimen, tested it, and it gave 88,794 pounds tensile 
strength , yet the barrel had burst when subjected to not over 27,000 
pounds pressure to the square inch. These results made me hesitate 
about accepting any results from a testing machine of that size. 
Farther experience in testing metals have tended to convince me of 
llie inaccuracy of small testing-machines, 

AvS to the machine at Watertown Arsenal, J know that there is 
such a machine, that is, I have seen it. I believe the original board 
(U. S Board to Test Iron and Steel) published some of the results ob- 
tained with that machine. They got out a report, and of that report 
I know not how many copies were printed, nor how many were re- 
ceived by tFie engineers of this country. I could not get one, though 
I tried for some time. I have no doubt that you will find that the 
men who were most interested never received them. 

I had the curiosity to go, to-day, to the Ordnance Office In order 
to leain what the macliine was doing. 1 have now in my hand an 
official copv of a letter written by the commanding officer of Water- 
town Aisenal to the Chief of Ordnance, in answer to certain inquiries 
as to the capacity of the testing-machine at that point. 1 did not 
see the letter of inquiry, but understand that this letter’ gives short 
and categorical replies to the questions asked by the Chief of Ordnance. 

The letter reads as follows : 

WiTCRTOWK Aeslnvl, Februarj 13l!bi, 1S82 

ThK OniEF OF Oednancb 

Sir I have the honor to repb to your intorrogatones of the 10th msfc , a$ 
follows 

1st The greatest number of tests made in a da> of 8} hours is «e\enty (70). 
The least nniubei is one-half of a test 

2d The charged to private parties for tests ii> determined b} the time taken, 
to mnkr^ tlietn 

Sd JThe machine is in constant use when Mr, Howard is not otherwise engaged 
m making out reports of tests made for private parties 

4th Tlie f o‘!t of running the< piachme is $18 00 per day 

Respectfully, your obedient bervnnt, 

[Signed] T, T S La id ley. 

Colonel of Ordnance Commanding, 

UiKkr the preisent arrangement, from lack of funds and sufficient 
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force to operate the machinej it is manifest that the Watcri-o^tn instru- 
ment cannot be depended upon to fuinibh the data of ^^diich it is 
capable. It does notsupplj^ the information needed by the engineers 
of the country at large. 

The act of Congress, approved February 24th, 1881, appropriated 
$10,000 for preserving, using, and operating the United States 
testing-machine at the Watertown Arsenal ; proiided, that the tests 
of iron and steel, and other materials for industrial purposes, shall 
be continued during the next fiscal year, and report thereof shall be 
made to Congress The fiscal year referred to ends June 30th, 
1882, The reports made must be submitted to Congress at its next 
session, before they can be printed. The red tape involved in the 
process of getting the reports printed causes great delay in tbeijr 
appearance. The only way to have them promptly is to issue bul- 
letins from time to time ; these bulletins to contain meiely abstracts 
of tlie work done and the results obtained. 

Special care should be taken to record all failures in experimental 
tests, as it is the failures leather than the successes that are most 
iiisti active. 

It seems to me that the location of the machine is singularly un- 
fortunate, being in an out of the way place, inaccessible except by 
local tiains, and so far from the great centres of iron and steel manu- 
faefurt^^^ Governor's Island, New York liaibor, has been suggested, 
but that is open to objection on the ground of inaccessibility, Frank- 
ford Arsenal; Philadelphia, has also been mentioned, but that is 
yatlier far from the great central railroad depots. My own prefer- 
ence would be for New Y^ork city as a location, but that would 
involve a considerable expenditure of money for the purchase or rent 
of a suitable building, and the introduction of power for its manipu- 
lation. Again, the risk of injury by fire is much greater in a city 
than at some one of the arsenals. The risk and difficulty of trans- 
portation should not be overlooked. 

But wherever the machine may be located, an active young man- 
should be placed in direct charge for the sole purpose of operating 
it under the direction of a com{>etent board, The idea of individual 
ownership of the instrument should be discouraged, and the peiwa 
in charge should appreciate the fact that the machine is designed for 
the benefit of the government and the engineering interests of the 
entire country. 

It is my opinion that a commission or board of specialists should 
be created to project and carry out tests with the machine. The 
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board should not be too large, else diversity of opinion will paralyze 
its efforts. The board should be subdivided into comojuttees, whose 
members are experts or specialists m their own lines There ^^ould 
be great necessity for this subdivision of the woik. The board 
should be attached to one of the executive departments of the govern- 
tnent, no matter wliich one, so as to ha\e a recognized head, in order 
to leave its members untrammelled by the clerical labor incident to 
disbursements and accounts. 

I think army officers arc ready and willing to work hi unison with 
manufacturers and engineers for the success of this great work It 
has ah^ays been my own desire and practice to give the best in- 
formation in my possession on any point to those who desired it, 
no matter whether civilian or soldier, American or foreigner. Al- 
though there may be a few obstructers in the aroay, as elsewhere, I 
think I am justified in baying that the army is willing to aid in this 
work. I feel assured that the Chief of Ordnance will lend all the 
assistance in his power, consistent with his duty as the head of a 
great executive bureau of the government 

Remarks of Mr. E D. Leavitt, Jr 

I DESIRE to state briefly my views respecting the great practical 
value of the Wotertown testing-machine, and the necessity that 
exists for an able permanent commission to supervise its operations, 
in order that the results of all tests made thereon may be properly 
worked out and rendered available for public use. 

It IS doubtless known to the Institute that this machine has, for 
the past two years, been placed at the service of the public upon 
payment of a per diem charge It was my privilege to be among 
the first to use the testing-machine, and the results of my first ex- 
periments were of such importance, owing to the great capacity and 
extreme accuracy of the machine, that it has since become my prac- 
tice to have tests of all materials used m constructions that came 
under my charge, made at Watertown. 

As a consequence, nearly one hundred tests have been made on 
my account directly, and some tvto hundred and forty additional for 
work built from my designs. It may be confidently affirmed, that 
the factor of anxiety on all these structures is exceedingly small os 
far as the quality of material is concerned, and it is undoubtedly 
a very great advantage for parties interested in cqnstruction to have 
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any tests that come within its scope made on the Watertown machine- 
The engineering professions, and through them the general public, 
do not reap the advantages that they ought, when it is considered 
that the machine is public property 

It may be asked, why do not those who have made use of the 
machine make public the results of the tests that have come under 
their notice? To this the reply must be, that the interests of 
clients are generally paiamouat to the interests of science, leaving no 
time for properly working up the data for publication. It is also 
natural that special information bought and paid for, should be con- 
sidered personal property. Engineers are almost invariably very 
busy men, and rarely, very rarely, is there found one among us, 
who, like our lamented Holley, has apparently time and capacity for 
alt things- 

My advantages have been exceptional, from the fact that my 
residence is hut a short distance from the Watertown Arsenal, 
thus affording the opportunity of being personally present during 
tests, with very little loss of time. Such privileges can be enjoyed 
by very few of the profession without serious inconvenience. The 
machuiie is operated in a first-class manner by those at present in 
charge, but with the rapidly-increasing demand for tests, a larger 
force of experts is absolutely necessary, all of whom should be of 
such reputation as to command the confidence of the profession and 
the public. 

There seem to be certain men who, like Regnaiilt and Tyndall, 
are born experimenters; and such men are needed for the permanent 
commission, in order that the full advantages of the great testing 
machine be realized. 

Our knowledge regar<ling the strength and behavior of materials 
under strain is yet very limited. The best and most expeneneed con- 
structors admit and lament this. In these days of high speed by raih 
wajband sletimships, of long-span lindges, and deep mines, engineers 
must know what materials will safely enduie; life depends upon it, 
and every means available for increasing and disbeminating infor- 
mation on a subject which is of such vital consequence to all ibhould 
be provided. 

I freely acknowledge that I have learned more about structural 
materials through the tests made at Watertown during the last two 
years, than in twenty-five years^ previous experience. At the same 
time, I am aware that I have by no means secured all the advantages 
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to be obtained from the data in my pos^essrion, or that might readily 
be secured by a commission of expeits specially devoted to the duty, 
with ample time for observation, and provided with the bost-hncAin. 
appliances for making experiments. 

Remarks op Mr T, C. Clarke. 

The history of iron construction in this counfy well illustrates 
the three phases of thought described by Auguste Comte, the Fiench 
philosopher 

The first is the era of faith, when belief in the safety of structures 
rests on the authoiity of the designer The second is the era of 
cnucism, when plans of structures are analyzed with much matlie- 
matical skill, but the data upon which the chain of leasoning depends 
is assumed upon insufficient experiment. The third, upon which we 
are now entering, is a scientific era, which demands experimental proof. 
It also demands that this proof shall be derived from experiments 
made on full-sized specimens, such as are in actual use, and not upon 
tpy models 

Urtti] the construction of the United States testing-machine, now at 
Watertow’n Arsenal, it w'as impossible to make such experiments with 
accuracy. We now have a machine in which we can test full-sized 
specimens of eierv pait of a bndge or other structure that we want 
to use, and under the same conditions in which it is actually used. 
The next thing is to get money to make these experiments available. 
Ro private individuals can aflbrd to do it, and even if they could, 
they might wi«h to kwp the results to themselves So that liie 
next point is that we want money, and that, I believe, even body 
thinks we should ask Congress for. We want also, as has boon 
said, some one who shall make a business of testing, and who has 
plenty of time Per^ons who are emplo3'ed in private business are 
too much in a huriy, they want to do a thing and get done with it, 
and then do something else , but government officers are entirely free 
from this feeling, time to them is of no aocount and in experiment- 
ing that is the very element that is of value ; it does not do to be 
hurried , the great thing is to get it right and to test your results, 
and go over it, again and again. And the experinienter who operates 
the machine must ho some person ediieatel up to the use of it. Wo 
then want a general adviMiry board who will indicate a plan of ex- 
periments, collect the results, and publish them. Some experiments 
were made the other day at the Watertown Arsenal upon tiill-sizal 
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Phoenix coliinans. Any one can see at once that tiiese are very vala- 
able experiments, because we have certain columns all of the same 
qoabty of metalj the same workmanship, and the same cror'S-sections, 
and dilfering only iii length As far as these columns, arc concerned 
this would be all, but it would then it-^elf that we make ex- 

periments ^\iththe same columns alike in other respects but with 
difterent eross-sectioos, and then test them made of steel, and so on. 
The engineer is often asked, why don’t vou ii&o steel "We can't 
expect to know anything about it at all until experiments aie made in 
the way that I have indicated in somesiich machine as this. I venture 
to say that Messrs Fowler & Bak^r, who expect to build the gieat 
bridge over the Tirth of Foith, in Scotland, cannot I5nd out any- 
Ihmg about the strength of the parts of their strnctare, unless they 
have a machine equal to our government machine Then, the last 
thing of all, after having made the experiments, they ought to be pub- 
lished monthly and sold in all book-stores. Then every engineer 
could get a report, and WTiuid have questions to ask and suggestions to 
make, and wnild at once write to the board and give them the benefit 
of his thoughts. These suggestions would be one of the most \mlu- 
able results of prompt publication. 

Remarks of Mr. O Chakttte. 

In discussion of Mr. Maedonakrs paper, I can say little more 
than to add to the general acknowledgments of ignorance, and like 
several of the gentlemen who have preceded me, make one of those 
confessions which are thought to be good for tlie soul 

Having had some expeiienee m the erection of bridges during 
past ycai^s, I am aware that we yet need much information in order 
to j>roportiou them to the bc^t advantage. 

X would more c^spccially like to emphasize three of the points 
mentioned by Mr. Macxlonald, as among those upon which we lack 
knowledge ; these are : first, the behavior of steel , .second, the pro- 
portions of compression members; and, third, the influence of the 
ske of a bar upon its strength per square inch. 

Fmt, as to steel. While we all acknowdedge this as the material 
of the future, our position may be said to be still one of expectancy. 
Fow engmeerh are h^old enough to employ it largely in bridges, and 
those who do, find such serious difficulties in obtaining uniform 
gmdi?6 of it, arc so puzzled by apparent arioiDalies and unexpected 
phenomena, that it requires considerable ftiith and courage to apply 
it in large structural masses. A senes of aysicinatic experiments^, 
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sucli as have been partially made by various Eiuopean nations in 
their government shipyards and ebe\^here, by which we should be 
enabled to connect the influence of the cheniistiy of steel and of tlie 
process of its mannfaetnre^ with result’^ of the various modes of 
working the piodoct into its final sliape, would donbtle*^s add so 
largely to our knowledge of modern structural steel, as to make 
reasonably clear much that we now only suspect, and gi’ve iis the 
necessary knowledge and confidence to avail oui selves of the m- 
creased strength and economy which this metal promises. At pics- 
ent w’e know that the strength exists, but we al'^o know that steel it) 
brittle under many conditions ; and where human lives are at stake, 
where failure would involve such disastrous consequences, we dare 
not avail ourselves of the strength of that metalj unless reasonably 
feme that it will not break, 

SeGond, as to compression membeis of structures. They are now 
proportioned upon formulas which weie fiamecl many yeais ago 
in England, and which were ba<^ed upon vei v few experimentfe, some 
thirty in number, if I recH>llect rightly. J!?at only weio those ex- 
periments tned upon pieces materially smaller, and of difleicnt 
shape from those which we now geneially use, but they were made 
with English iions, which are found to differ in some respects fiom 
the characteristics of American irons We have accordingly made 
some changes in the constant nurnerical flictors of the formulas, to 
attempt to adapt them to our use, but we now find fiom the experi- 
ments recently made at Watertown with the government: maehino, 
for Messrs. Clarke, Reeves & Co , that even the modified formulas 
are erroneous, and do not agree with the actual condition of affairs 
In fact there is great unceitainty as to the actual strength of the 
bridges which we are daily erecting Their stiength is of couise 
limited by that of the weakest part, but while we endeavor to make 
every part equally strong, as well as we know how, yet we are 
almost entirely ignoiant as to what ib actually the weakest part of a 
bridge of any magnitude, and of just where it would give way fiist, 
if loaded to rupture 

While no naan knows exactly what weight will crush flat say a 
4*inch cube of WTOught iron; we do know that it begins to yield, 
without recovering its shape, at pressures of some 36,000 to 40,000 
pounds to the square inch. Accordingly with tlie aid of the for- 
mulas I have mentioned, w^e proportion compression members for an 
assumed crippling-pomt varying from say 35,000 pounds to the 
square inch for pieces of ten diameters lu length, down to about 
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24,000 poimOs to tlie sqiiaie inch for pieces forty diameters in lengthy 
and upon tliese we alloy strains vaiving from 7000 to 4800 pounds 
to the square inohj as 'v^orking compressive loads; while in tension 
we allow some 10,000 ]>oands to the inch on iron, with a breaking 
strength of 46,000 to 50,000 x^oiinds^ and an clastic limit of 26,000 
pounds to the squaie inch. 

Now in my judgment, the cripphng-point of a eornpression piece 
oorrospondb more neaily with the elastic limit in tension, than yith 
the altuuate or breaking strength. The 'probabilities of any com- 
pression bridge member being strained up to the crip[)ling-point, 
arc nearly as remote as the probabilities of a tension member being 
strained up to its elastic limit, and to have all parts equally strong, 
should experiments justify this view, we should base our assumed 
margin of strength (you will note that I do not use the term factor 
of safety/^ as I think it misleading), upon the crippling strength and 
the elastic Imii of the material. As for myself, I believe that we 
are now making our compression members considerably stronger 
than the tension members; that if we were to bieak down a bridge 
by fair loading, granting of course that al! the conneGfirms should be 
made stronger than the body of the }>ioces they attach together, 
rupture would probably first take place in one of the tension mem- 
bers. But then while so believing, I do not Jmotp. 1 confess my 
ignorance upon this point, and until tlii^? ignorance is removed, I 
shall go on specifying for proportioning bridges in the old M^ay, and 
with the old forimilas. 

Third, Not only is there great uncertainty concerning the actual 
strength of coiuprc^jsioii members, but we do not know accurately 
the strength in tension of full-sized bars worked to various dimen- 
sions, and with a different amount of pulling and squeezing m the 
rolls. 

In the bridge specification of the New York, Lake Brie, and 
Western JJailroad, we require that full-sized pieces of flat, round, 
or square iron, not over 4^ inches in sectional area, shall have an 
ultimate strength of 50,000 pounds per square inch, and stretch 12|- 
per cent* in their whole length, while for bars of a larger sectional 
area than dj inches, we allow a reduction of 1000 pounds per square 
inch, for each additional square inch of section, down to a minimum 
of 46,000 pounds per square inch. This was adopted after consul- 
tation with various manufacturers of iron, who had large experience ; 
but the discrepancies between the data which they furnished, and 
the views which they expi'cssed when the printer’s proofs of the spe- 
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eificatioas "were «^ubmitt6t! to tbem, showed clearly tliat they did not 
agree fis to results, and that they too were in need of further experi- 
ments upon full-siml membei’s of various dimensions. 

Ill the governnnent machine at Watertown, we have for the first 
time in this country, a machine adequate to obtain correct results 
upon full-si^ed members. It has a capacity of 400 tons, while 
former riiachines at various bridge works had a capacity of only 
150 tons, and could not be trusted to vrork accurately to even 100 
tons Tensioft members, being composed of several parallel bars, 
could be tested in detail, provided the dimensions of the bars did 
not exceed say 8 Inches by 1 inch, but compression members, with 
a sectional area of say 12 to 20 square inches, could not be tested at 
all, and resort had to be had to small models, which, as already stated, 
are not found to give the same results as full-siml pieces. 

Tests are made for two purposes; first, to ascertain the best 
/am in which the metal can be placed to resist the strains; and, 
second, to ascertain the quality of the metal itself. Upon the latter 
point experiments are being made every day by manufacturers, 
bridge builders, and corporations which are erecting structures. 
Every time we contract for a bridge we test many specimens of the 
materials which go into it, and the corporation with which I am 
connected, has tried hundreds of experiments upon the quality of 
the metals it has used, which will be very much at the service of a 
testing board, should one be appointed. These experiments have 
been carried as far as we had any interest, that is to say, to the point 
of ascertaining the quality of the metal furnished; but we have pre- 
served many of the specimens, and a testing board could ascertain 
the chemical constitution of each, and, perhaps, be enabled to con- 
nect the various behavior of the specimens with their chemical char- 
acteristics and the process of their nianufacture. 

For information as to the best /om§, however, we must rely upon 
the government machine, and especially upon government aid, no 
single firm or corporation IvM sufficient interest at stake to warrant 
it in planning and paying for th^ great cost of a systematic series of 
experiments, to ascertain what are absolutely the best shapes into 
which to put the members (chiefly those of compression), by testing 
full-sixed pieces. Moreover, if any firm or corporation wore to be- 
come possessed of inforinaiion which is so much needed, it would 
probablj^ endeavor to give it commercial value, and to recoup its 
expenses^ to sny the least, by keeping such information for itself as 
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long as it coiild^and the general ^jublicof metal-users would remam 
in its present ignorance. 

It seonis to me, therefore, that tlie General Govei^nnient is the 
proper party to institute and carry ont the needed experiments, not 
so much because, as has been claimed, the matenals to be tested are 
American iron, steel, and other raetals, but because theie is need 
of general information, which no single other party is likely to ob- 
tain and make public. The government has the machine, it has 
abundant lesources, and the manufacturers and engineeis of the 
country, \vith universal good-will, stand ready to tender their aid 
and teclinieal knowledge. 

Now one woid as to the organization of the inquiry and the doing 
of the work. Tliere should be some general plan of operations, and 
this would probably be best evolved by the deliberations of a com- 
mission, bat the actual woik will be chiefly done, as I think, by one 
man. That is to say by the man who may be placed in general 
cliarge of the expenments, and whose duty it will be (to draw an 
analogy from irn-lustria! organizations) to act as chief executive 
officer, or su}>crjnicndeut if you will, and to plan and draw deduc- 
tions from tlie vaiions needed experiments. The comraission, if 
oommibsion there be, may lay out the general plan, but it ‘must have 
some one head in charge of the actual carrying of it out. 

But how shall we secure the hclection of the very best man to put 
into that position ? Tie may be appointed iu many ways. He may 
be selected by the PmsideiHof tlie ITuitod States, or by the Secre- 
tary of War, or by tlie Secretary of the Navy, or by the head of 
one of the government bumius, or by the cominissiou which has 
boon suggested, and which would thus act (to refer again to indus- 
trial organizations) as a board of diiectors or trustees. It does not 
in my judgment make much difference how he is selected, provided 
wo get the right man. A mistake may be made at first, and changes 
may have to be made, until the right man, a man like Kirkaldy, in 
England, is brought forward, who shall possess the necessary techuieal 
skill, the executive ability, and the high standard of accuracy and 
thoroiigI:|nes8 to conduct, the experiments, as well as the talent to 
deduce general conclusions from them. 

Upon the whole, I believe that the best way of selecting suoli a 
man, would be through a board of commissioners. This plan has 
been found to work best for joint-stock companies carrying on large 
operations, and 1 hope that Congress will organize the work through 
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a commission as prayed foi m the memorial of the Society of Civil 
Engineers, 

Paper by Mr Alfred P. Bolleu, 

ON THE NEED OP A NATIONAL BOiKD POB TESTING THE METALS OF 
CONSTRLCTION 

In the victoues of peace as well as of war^ the science of engineer- 
ing has plajed a prominent, if, indeed, not the leading part. 
While it might be interesting, and food for profitable thought, to 
tiace the development of engineering from early times in its bear- 
ings upon the social betteiment of mankind, it will be sufficient on 
the piesent occasion to suggest a few thoughts that it is hoped will 
aid tlie unprofessional listenei to an appreciative consideration of the 
subject-matter laid down for to-day’s discussion, and possibly lead 
the professional brother to a higher conception of the profession to 
which he belongs 

Since the advent of the railway era, it is difficult to grasp the 
sequence of Instoiic events that have led to the wondious develop- 
ment of mechanical .science, making possible the civilization that is 
our daily boast, and opening up a vista of future intellectual and 
racial advancement among the nations of the earth, before which 
the imagination becomes hopelessly lost Even now, looking back 
over a period of only half a century, we often fail to realize the vast 
change in the relations of individuals and nations to each otluM, 
brought about by the results of those mechanical discoveries which, 
having made the whole w^orld kin, exercise a resistless levelling 
influence that bears fruit politically m the spread of republican ideas, 
and morally m the elevation of the individual through the facilities 
given to the dissemination of Chiistian ideas and general intelli- 
gence. In this view, it seems almost like a 'woik of supererogation 
for a body of representative men of one department of that science 
to which the wdiole world owes to much, to meet here at the centre 
of our national life to plead not only for a practical lecognition of 
the national importance of the work to which their lives are devoted, 
but also for national aid, on a scale beyond that of private effort, to 
the end that mechanical science may be carried to a higher plane 
than ever yet attained, each step on the way being of material benefit 
to every man, woman, and child in the community Possibly this 
is strong language, but none too strong when we consider that the 
work for which we plead is one affecting not only vast scientific 
and commercial interests, but also human life, to a degree little ap- 
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preciated bv those whose occupation or calling is outside of pursuits 
ill the domain of applied science, 

hat so intimately affects the people in every household is worthy 
of the profoundest sympathy of the legislative powers, and the mem- 
bers of any Congress who grasp this subject as its magnitude and 
importance dematidsj will live to see not only a great work performed 
in the interests of science and manufactures^ but also a web of pro- 
tection thrown around every hearthstone in the land, by removing 
to a great extent the ignorance and empiricism to which too many 
broken bridges, fallen buildings, and imperfect machines testify. 

It IS popularly supposed that engineering is an exact science, 
treading, as far ps it is developed, on positive data. If this were 
true there would be no need for a government commission for testing 
the metals of construction. While engineering theory has been most 
thoroughly established, covering almost, tf not entirely, all depart- 
ments of the science, engineering facts are in an unsatisfactory state, 
and must remain so until experiments on the strength of materials 
are made on a scale which a national government alone can under- 
take. During the last decade we have discovered the fact that our 
knowledge of the properties of iron and steel is Uss accurate than it 
was heretofore supposed, and that the physical data, in use all over 
the world, arc based on crude experiments made on a scale utterly 
insufficient to determme the true value and application of the metals 
in the forms and masses as applied in the arts. To the layman, with 
all the triumphs of modern engineering before him, this statement 
may seem contradicted by those engineering successes ; but such works 
are always based upon a factor of safety made large enough by 
prudent engineers to cover up not only the imperfections of work- 
manship always inseparable from the best of human endeavor, but 
also those deficiencies of exact knowledge regarding the properties 
of metals used in construction. Every factor of safety, therefore, is 
composed of two parts, the factor of safety proper and the factor of 
ignorance. It is the determining of the exact proportions of this 
factor engineering science now demands, that ignorance may be 
eliminated, and dishonesty prevented from taking refuge in the 
protection due to the margin allowed for the factor of ignorance. 
This factor of safety, such as it is, is the sole protection of the 
millions of people daily carried by the railways of the world and 
all the other modes of mechanical transportation, to say nothing of 
the occupants of innumerable public buildings and places of assenoi- 
blagc. Further, as an economical measure, the establishment of a 
factor of safety based on exact data deserves more than a passing 
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comment— an economy resulting from a direct sa\mg in the use of 
materials in the broadest sense, and in the prOsrention of their abuse. 

Measured by productj the United States is rapidly coming to the 
van among the nations of the%\orid in the iBaniifacture of iron and 
steelj being second only to Great Britain. The past year witnessed 
some 6,000,000 tons of iron and ^teel made m this country^ the sci- 
entific use and economical application of which becomes of the first 
national importance It may be a revelation to somej that there is 
no standard of autho! ity as to the strength of the metals of construe- 
tion, and that engineers are by no means agreed upon the limits of 
strain that may be imposed on iron and steel under given conditions. 
Some years ago they thought they knew more than they do now, 
but under more exacting requirements, more extended observation, 
md higher technical training, they have arrived (with rare excep- 
t'ionf^) unanimously to the conclusion that no authoritative data exists 
for desigiting metallic structures, nor can exist until some central 
authority, like a national government, establishes a system of ex- 
perimenling upon the metals on scientific principles, and on a scale 
that bears some proportion to the shapes and masses actually used m 
construction. 

From the preceding remarks it not be concluded that en- 

gineois have all these years been practising a rule of thumb, and 
depending upon their mtuiti\e perceptions for the successful practice 
of their profession. It must be remembered that metallic construc- 
tions are of comparatively recent date, and that their development 
is dependent upon a great volume of experimental data that takes 
more or less time to accumulate and analyze Much experimenting 
has been done, and is now being performed contiauously in all parts 
of the world by private individuals, either for trade purposes or 
private investigations. A considerable portion of such work gets 
before the profession in a fragmentary sort of way, finally getting 
into our textbooks as authority, supplementing the English tables 
that have been handed down through all tlie engineering textbooks 
that have ever been published. And in this connection it is proper 
to confess that American practice is largely governed by the tradi- 
tion of English experiments, which have come before the world in a 
more accessible shape and greater fulness than could l)o elsewhere 
obtained. These English experiments, dating from the constraetion 
of the Britannia and Conway bridge-tubes, have ever since been pub- 
JLshed the world over as authority, and the names of Eaton, Hodg- 
kinson, and Sir William Fairbairii, by whom those experiments 
were devised and conducted, will ever live as pioneers in the art of 
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iron construction^ and be levered as long as the profession of engin- 
eering has a follower^ — particularly that of FairbaiiOj %\hose whole 
long and busy life was de^oted to experimental knowledge, and 
whose researches, to this day, are largely oar guide in practice The 
next step toward a still more accurate knowledge of the constructive 
value of non and steel was taken, when the experiments of Kirkaldy 
were made, about 1862, undcf the patronage of one of Scotland's great 
ship-building firms, that of the Messis. Napier & Sons, by whose 
permission tliev were given to the woild, adding largely to existing 
knowledge These evpeiiments dis>elosed many important factors 
in the behavior of metiils under stress, overlooked by all previous 
experimenters, and opened up a field of investigation that has ever 
since been profitably wmrked. But these, as well as all preceding 
ones, were conducted on what we may call specimen sizes of the 
various irons and steels manufactured in Great Britain, and, while 
valuable as far as they go, they are utterly insufficient as standards 
by which to judge the absoifite value of structures as a whole, or of 
the parts of which they are composed, to say nothing of the fact tliat 
American interest is m American metals and not in British. 

Cliemical composition, as affeetiiig the strength of.iron or steel, has 
only recently elanned attention (growing primarily out of the Besse- 
mer steel industry)^ and cannot be neglected hereafter. It is a mat- 
ter of comparMti\cly recent record, that iron or steel in small bars has 
a very diiferent Value from the same metal rolled in large sizes, and 
that the shape hi which such bars may be rolled very materially 
modifies their strength. In general we have discovered that while 
experimental spccuncn sizes, on which our tables are mainly based, 
give Gomparative values for different qualities of iron or steel, they 
are misleading as to nbsolute values, only determinable by testing 
the sizes and shapes as used in actual construction* The question 
of abrasion has stdl to be investigated, and when one reflects that 
this is a vital question in the economical use of steel rails, the im- 
portance of such an investigation cannot be overrated. In steel, 
particularly, there is much to learn, at least by the profession at 
large ; few engineers have the temerity to use it mth the present 
lack of knowledge of its physical properties ; yet it is a metal that 
the constructive demands of the age are forcing on the attention of 
engineers, and, as the metal of the future, a fall and elaborate series 
of physical and chemical experiments upon such shapes and sizes as 
are needed in actual construction should be undertaken at the 
earliest moment. 

Another line of investigation is greatly needed, and that is the 
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effect of vibration and impact, on which the life of metal structures 
largely depends Some few investigations in this branch of experi- 
mental research have been made by' Fairbairn in England, and in 
considerable number by the late Baron von Weber in Oermany, both 
pointing in a general way to a period of destruction under repeated 
impact and vibration, when such successive impacts strain the ma- 
terial beyond a ceitain point. It would make a long catalogue if 
we were to enumerate with any fulness the unexplored regions await- 
ing the investigator into the properties of the metals, and would in- 
volve a degree of technical statement out of place in tins paper 

Enough has probably been said to awaken an intelligent interest 
in the thoughtful lay mind, and it is hoped it will bear fruit in season. 
The American Institute of Mining Engineers is only an advance 
guard in pressing the attentipn of this subject upon Congress. The 
two other representative bodies of engineering science, the American 
Society of Civil Engineers and the American Society of Mechanical 
Engineers, are thoroughly in earnest in the matter, and will soon be 
heard from, blending, as it were, with the voices of all minoi socie- 
ties and mercantile associations, the factories, mills, and workshops 
of the country', in one harmonious demand that Congress shall con- 
sider the grand scheme presented to it for action ; a scheme in the 
interest of no faction or body of men, but in the interest of the whole 
people 

This idea of establishing a National Board for the testing o'f 
American metals is not a new one, and it is proper in this place 
to refer to past efforts in that direction. In 1875 such a board was 
constituted by act of Congress, on recommendation of the House 
Appropriation Committee, of which tlje lamented Garfield was chair- 
man. The members of the board were selected with great judgment, 
and represented satisfactorily the various departments of the Indus- 
trial and engineering branches of science. The Ordnance Depart- 
ment of the army had previously been at work in this diicction for 
ordnance information, and had already in hand the construction of 
a testing-machine on a new principle, and of such proportions that 
experiments could be made on a scale, and with a degree of accuracy, 
never before attempted. On the creation of the Testing Board the 
work of the Ordnance Department was consolidated with it, and 
everything promised fair for results that would not only be of ines- 
timable value to our own people, but be of great national credit. 

The board lost no time in organizing, and laid out an exhaustive 
scheme of work, covering all possible uses of the metals, under sub- 
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committees for eac^h special department of investigation. They at 
once took in hand the testing-inachinej previously contracted for by 
the Ordnance Department, and used every effort for its early com- 
pletion. This %vas proIonge<i far beyond the anticipated time, and 
swallowed up in its cost almost the whole of the original appropriation 
of Congress, : ^$75,000, — a sum far in excess of the ouginal esti- 

mate, thus materially crippling the \^ork of the board at the very outset. 

Thetesting-macdiixie selected by the Ordnance Board, and approved 
by the National Board, Is the product of years of labor and expen- 
diture on the part of Mr, A l!)ert H* Etiieiy, civil engineer. It was the 
first one ever built on the magnitude conten'iplatcd, and involved 
such novel principles, leading to an acemaey hitherto tmapproached 
by any other machine ever built or conceived of, that last jear the 
Massachusetls Charitable Mechanic Association, on tlie recommen- 
dation of a committee of Fellows of the American Academy of Arts 
and Soienees, conferred its “Grand Medal on the exhibit of the 
results of the testing-machinc as the “single exhibit most conducive 
to human welfare/^ This machine is one of the world’s mechanical 
wonderta. It will exert a pres^surc so delicate as to weigh to a nicety 
the strength of a hair or an ogg-shell, and so powerful as to bring 
into play a force of 400 tons, and in either case with absolute accuracy. 
This machine being a novelty in itself, like all new contrivances, could 
not be confined to any initial cost, and had to be carried through from 
beginning to end, as every original effort must be, regardless of ulti- 
mate cost. In the meantime, during the building of the machine, the 
members of the board did a great deal of independent work, largely 
preliminary, and often at their own expense. As before remarked, the 
unexpected disbursements required foi the testing-tnuchine hampered 
the board from the start ; lor while a great range of experiments was 
possible independent of the testmg-machinie, such as the breaking of 
full-siicod girders and trusses, they all required an espouditure in a 
large way. Still, much valuable work was done, far more tlian is 
generally supposed, which has been admirably covered in a paper by 
Fix>fi\ssor R. H. Thurston, read before the American Association fqr 
the Advauoenient of Science at its Nashville meeting in the summer 
of 1877. This paper sketches the orgauizatiou of the committees, 
with the work Uid out for each, and the recapitulation in this 
place of the division of labo*. and the scope of the investigations, will 
bear witness to the wisdom of the committee, and serve to einphasiise 
the previous remarks upon the impcrtanee of a Naticvual Testing 
Board fur the industries of America* These committees were: 

TOL, X —25 
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(A) On" AbkasxoN and WeaIZ,, Instructhn^ * To e'camme ^uid report upon the 

abrasion and wear of railway wheels^ axles, rails, and other materials, 
under the conditions of actual use 

(B) On Ar-mor Plate Imiiuciiom To make tests of armor plate, and to 

collect data derived from expenments already made to determine the 
characteristics of metals suitable for such use 

(0) On Chismioal Research Instructions • To plan and conduct investiga- 

tions on the mutual relations of the chemical and mechanical properties 
of metals 

(D) On Chains AND TVias Ropjiis Tnsirucfions : To deteimme the character 

of non best adapted for chain cables, the best form and proportions of 
lmk,and the qualities of metal used in the manufaeUireof iron andsteel 
wire ropes 

(E) On Corrosion of Metals Imbuctiom To investigate the subject of the 

corrosion of metaU undei the conditions of actual use 
fFj On the Effects of Temperature Insimciums To investigate the 
effects of variations of tempeiature upon the strength and other qualities 
of iron, steel, and other metals 

^O) On Girders and Columns Imiruetions • To arrange and conduot experi- 
ments to determine the laws of resi^stance of beams, girders, and col- 
umns to change of form and to fracture 

(H) On Iron, Malleable ImirtidtonB : To examine and report upon the 
mechanical and physical properties of wrougbt-iron. 

(1) On Iron, OajsT, Jnsinuiions To consider and report upon the mechanical 

and physical properties of east-iron 

(d") On Metallic Allots Jmtruciiona To assume charge of a sene'! of ex- 
periments on the characteristics of alloys, and an investigation of the 
laws of combination. 

(E) On Orthogonal Simultaneous Strains InsbucUons To plan and 
conduct a senes of experiment*? on simultaneous orthogonal 'sti 11111'=!, with 
a view to the determination of laws 

(L) On Phtsical Phenomena. In&tncetions : Tomake a speciaUnvestigation 

of the physical phenomena accompanying the distortion and ruptuie ot 
materials 

(M) On Be^ieating and Bekollino Insii uctions To observe and to exi»or- 

iment upon the effects of reheating, lerolling, or otherwi*?o rework- 
ing, of hammenng, as compared with rollings and of annealing the 
metal? 

(]^i] On Steels Produced BY Modern Processks Inst^ticUom, To investi- 
gate the constitution and characteristics of steels made by the Bes^'Cmer, 
open hearth, and other modern methods 

( 0 ) On Steels for Tools insiruettms: To determine tho constitution and 
charactenstics, and tho special adaptations of etcels used for tools. 


The committees being without funds, for reasons Jireviouslj stated, 
were unable to do much more than begin their wisely-plaoned work, 
so that the board took measures early in 1876 to come before Con- 
gress for an additional appropriation, and, reinforced by the moral 
support of leading scientific assooiatioub and schools throughout the 



IBON Al^D STEEL OOSSIDERED AS STRUCTURAL MATERIA.LS. 387 


country^ asked for an appropriation of $50,000 to continue ilieir 
work. In July the Senate added an amendment to the bill for sun- 
dry civil expenses of the ^oveinment, appropriating $70,000 for the 
use of the board to test iron and steel. This was opposed by the 
House members of the Conference Committee, and the amendment 
was stricken out, and about the only satisfaction that could be ob- 
tainod for the opposition of the House was in the remark of its chair- 
man tea prominent engineer desiring light on the subject: ^^Can 
you tell me how many Democrats there are on that board'^^^ The 
anxious inquirer left, a sadder and -wiser man, probably wTinder- 
injc if iron and steel had undiscovered political characteristics, as 
well as chemical and physical. A compromise amend meat, how- 
ever, was finally agreed upon, covering an appropriation of $19,- 
396.98, and at the same time legislating the hoard out of existence 
June 30th, 1879. The work continued with the above financial 
support, and is a matter of record in the committee’s reports, a sum- 
mary of which may be found in Professor Thurston^s review of the 
work of the board, before noted. Strong efforts were successively 
made, not only to secure the lepeal of the law discontinuing the 
board, but to continue the appropriations. These efforts were not 
only cordially met by the President, but made by him the subject of 
a special message to Congress, Prominent members of Congress 
iMde personal efforts to maintain the board as a national institution, 
and every possible argument was used for favorable congressional 
action. All these efforts, however, failed, and the board wab com- 
pelled to accept the inevitable, and calmly resign itself to annihila- 
tion as its ultimate and speedy fate. In the yeav preceding the 
board^s dissolution, the Plouse, by resolation, called for a report of 
its-woik, no report up to that tune having been presented. This 
report was subsequently presented to the House and ordered printed 
To the debate upon the work of the board, the speaker, and former 
chairman of the Appropriation Committee, to whom allusion has 
been made, showed decided opposition to the board and its work, and 
presumably on the same ground. Finally, in June, 1878, the whole 
matter was settled by the passage of a law practically remanding the 
tobtiug-machine to the custody of the Ordnance Department, making 
it accessible for the service of private parties, undet' a system of fees 
to cover the expense of oponitxon and maintenance. 

This is, in bncf, a history of the riise, deohne, and fall of the Uni- 
ted States lioaid appointed to Test Iron and Steel It belongs to 
the past^ and we must coramenco anew, referring only to so much of 
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the past ns will serve to enligliteti the future. What is wanted now^ 
IS a more comprehensive law for the proposed new board than the 
one creating the old, and one fully recognizing the national character 
of the work. To this end the powers of the boaid should be fully 
definecK and all necessary pro \ ision made for its successfai opera- 
tion. Such a board should not be tacked on in any way to an army 
department, but should be an independent body, reporting to 
Secretarv of the Treasury or the Secretary of the Intel lor* The 
work is almost entirely civd work, ju^t as much as that of the Coast 
Surrey, and should remain in existence as long as there is a metallic 
question, so to speak, remaining unanswered. Now that the testing- 
machine is an accomplished fact, the board could profitably spend 
§50,000 per annum in experimeiiting, and the centre of its opera- 
tions should be in the city of Washington, to which point the test- 
ing-machine should be removed from Watertown Arsenal, its piesent 
abiding'place. 

The operations of the board shauld be reported in yearly volumes 
readily obtainable by the scientific men and raetal workers of the 
country, either by sale for the mere cost of publication, or by a proper 
system of distribution, whereby the object of its publication would 
be accomplished. There is a trachti m that ou edition was publibhed 
of the only report made to Cougiesb I v the old boaid. But the 
report has failed to reach the very class of men who could profit by 
it, leading to a vague suspicion that its distribution was based on 
pohiical and not scientific methods. If it is not possible, under the 
existing methods of distributing public documents, to give the board 
absolute charge of distributing the yearly reports of its own work, 
then the manner of distribution should be defined by the law crea- 
ting the board. Too much attention cannot be paid to this branch 
of the boariVs work, since the \ery object of its creation would bo 
defeated if the results of its work were not easily accessible to all 
seeking information they contain. 

We are now brought to the contrideration of rather a delicate ques- 
tion, about which there are differing views, and that is, the remuii<*ra- 
tioii, if any, of the men engaged on the work of the board This work, 
if properly attended to, would be an exceedingly engrossing one, call • 
ing for the practical abandonment, for the time being, of any other 
pursuit, and it would seem manifestly unfair to demand that such labor 
and sacrifice should be unrecompensed. Again, the great majority 
of men qualified for such work (and there are not many such availa* 
ble) would be deterred from accepting service on the board, from 
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sheet fioaucial inability to perform uiireeompensed labor, Whatever 
is worth doing is w^orth doing ■well, aiul to expect qualified mcu to 
do without recompense the work called foi by such a board, — a work 
that will so richly compensate the American people, — is to believe in 
a degree of self-sacrificc that should not be looked for this side of 
Utopia, and should not be asked for. The only objection possible 
to urge against a paid board, all or in part, is the one usuallv attach- 
ing to government sa]arie<l positions, and the possibility, therefore, 
of unworthy or incompetent appointments. In other woids, the 
board might get into politics, and the question of the chairman of 
the House Appropriation Cominiltee, before related, would be asked 
wdth redoubled earnestness. 

Be this as it may, it should Ije thoroughly understood that the 
moment the proposed board tak^ on a political bias its usefohioss 
is ended. Nor can such a board lend itself to the glorification of any 
individual or set of men. Its aim is purely a scientific one for prac- 
tical ends, and as such must be established on its merits alone j and 
if this view is not prominently kept in the foreground, and made 
the basis of all legislation concerning it, the whole matter had better 
bo dropped. The work of such a board is not a matter of one year 
or two vears; it may take ten years to cover the field as it should 
be covered, but whether it takes a longer or shorter time, it should 
be o*>nstitutcd on such a broad basis as to be free from liaste in the 
examination of the various schemes of experimenting it must neces- 
Kirily nnderfake* We must not bo impaliont forresulh^, but bear in 
mind that the questions asked by the modern engineer are exceedingly 
complex ones, and that while he would have been content a few years 
back to know the amount of strain an iron bar, for in.^^tance, would 
stand before rupture, he demands now to know the reasons that cause 
dificrent bars to give different results, or the same bar to gi\e diftcr- 
cut rcstillB under varying treatment, or why a small bar behaves 
dificreiitly from a large bai of the fcamc inateiiaL And, furthci, 
111 regard to steel, all that is known is so little comparct^ witli wdiat 
is yet to be learned about its properties and adaptations, that the 
field of research is almost appalling in its magnitude and intricacy. 
To ail these qiH^tions the yearly rejwts of the board wmu Id give 
answers which would have the weight of undisputed authority. 

When the work of sueh a board 5s completed it would bo a grand 
eulmination of its work for the United States Government officially 
to promulgate, as an American standard^ the limits under which 
Amci iciui metals should be used, particularly in those works to the 
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stability and eadiiraDee of which human life is intrusted; and wliile 
perhaps it would be straining a point to add legal crinunabty to a 
violation of such standards, theinouil sense of the community would 
veiy soon attach such crirmnahty, and bold would be the man, no 
matter how luiscropiilous, to use metals evceptiog under the condi- 
tioub oflScially prescribed* Science would liav^e sway in the facto- 
ries and workshops, and the days of the vendors of mantiaps woukl 
be numbered ; ignoianee, if not eliminated, would be kept under 
wholesome restraint, sod the field of that useful but darigeioiis 
member of society, — the ‘^piaetical man/^ — would be much re- 
stricted 

The riieme of the proposed “Board for Testing American Metals 
of Construction^^ is indeed an inspiring one, the far-reaching conse- 
quences being of vital mterebt to the American people* It is an 
endeavor, m the Spuit of the age that is animating human thought 
m all parts of the world, to formulate exact knowledge, so that rules 
not only for safe practice but intelligent piactice may be established. 
Engineering must ever advance towards ideal peifection, which is 
the perfect harmony between theory and practice, the closer union 
of which administers to the necessities of mankind as well as to all 
wealth and luxuries, — in a word, to the betterment of tiie whole 
human race. It is to contribute towards this end, as best it may, 
that the American Institute of Mining Engineers, relying on the 
wisdom and patriotism of the nation^s rulers, meets on this occasion 
at the natiorfs capital, with Congress in session, to give voice to the 
one overwhelming need of the engineers and artisans of America. 

Ebmaeks of Dr. Eglkston. 

While I thoroughly appreciate the United States testing-machine 
at the Watertown Arsenal, and regard it as the most accurate test- 
ing-machine that has yet been built, I wkli that I could say tliat it 
IS complete la all respects, I not onl> fully appreciate it, but I have 
given up adviaing the sending of material to be tested anywhere else. 
It IS five or six times moie expensive to use this machine than any of 
the others, but the results wliioli are obtained from it are, I think, 
perfectly reliable, and of such a character that the tests are all compaiy 
able with each other* It has proved, beyond a doubt, that the 
system of testing specimens of diminished area, and then calculat- 
ing that the raetal examined will be as many times sh'onger as its 
area is greater, is an absolutely vicious one. I am quite prepared to 
hay, that, either from their limited size or faulty con.struction, most of 



ISOJSr AND STEEL CONSIDERED AS STBDGXfTRAXi MATERIALS. 391 


the testiiig^macbines which have been used for deteimmiog the 
values of the sections of reduced areas of the materials used jsi con- 
struction are not woith the metal of which they are made. 

But while I do not mean either to under- or over-value this ma- 
chine, I think that what is absolutely needed in the new depaiture 
which we hope to make is a senes of tests that can be made without 
any testing-machine whaievePr There are many dark places in the 
characteristics of constructive materials, especially iron and steel, 
that have never been cleared up. We are manufacturing these ixia- 
tei lals by the thousands of tons, and yet it is safe to say that we know 
very little about them. T lemember very distinctly when every 
manafactiiier believed that if sulphur was present in iron ore he must 
put in phosphorus, and if phosphorus was present he mubt put in 
sulphur, and that these substances when present together would ex- 
actly neutralize each other. Thw was held firmly as a matter of faith 
It was a rude shock when someone announced that irons containing 
sulphur and phosphoius weie both coldshort and red-short, and 
wete cold-short or red shoit m pioportion to the amount of sulphur 
and phosphorus contained. x\.bout the year 1873 it was ascertained 
that it was not meiely a question of the positive quantity of phos- 
phorus contained in the irons but of the relative amounts of carbon, 
phosphoius, and silicon, that‘ with high carbon we must have low 
silicon and phosphorus., anti fhat with lo'w carbon ^Ye might have 
high bilicou or phosphorus. This was auotlicr shock which led, 
however, to very important results to the manufacturers Since that 
time we have ferro-niangauesc, ferro-silicon, and ferro-phosphonis. 
The whole metallurgy of non and steel has undergone a complete 
rc\aIutiori, who can say at what expense And why should not a 
government, wdiich derives such a huge revenue as the United States 
does from the manufacture of metals, and is such an enormous con- 
sumer of them, investigate their propeities for the benefit of the 
whole people ? 

1 spoke just now of ferro-phosphorus because I have lecently 
learned that a cast iron containing 15 per cent, of phosphorus is so 
soft that it can easily be cut with a knife, while that containing 4 
per cent is very haul, the hardness decreasing as the percentage 
of phofcpborus increases Before cast iron containing these amounts 
had been found, who would have been rash enough to predict 
sucli properties of a bubstanc^e whose only chai acterlstic that we 
knew was to make iron and steel biittle I have several times had 
occasion to call the attention of this Institute to the very peculiar 
chenneal properties of irons containing large amounts of phosphorus 
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and silicon, and to point out how indispensable they were for certain 
uses in the metallurgy of gold and silver. Who can say that when 
these materials have been propeily studied and experimented upon 
w^e shall not 15nd many other commercially piofitable uses for ma* 
terials at which every one now looks askance? 

Many of you are familiar i\ith the careful and elaborate experi- 
ments made by Miller, Metcalf, and Parkii!, for the old commission, 
in producing steels of given quantities of carbon, silicon, fculplmr, 
and phosphorus. The world does not know of tliesc }nve^tigations, 
So far as I know no account of them has been published. The 
government is in duty bound to investigate these materials, or if 
already lost, the experiments should be made again. 

If the work of a commission, appointed by the United States, is 
to be commenced again, it will have not only to interest the public 
from a theoretical but also from a practical point of view. The 
public are not interested in merely scientific experiments, nor in 
tables of results obtained from the testing of materials by the 
methods ordinarily used by engineers. They do not doubt that they 
are valuable for some purpose of which they confess theiiiselves to be 
profoundly ignorant, but they see no j^radicdl application of them. 
They do not see any direct u&e in ascertaining the strength of small 
or even of large pieces of metal or stone. They are interested not 
so much in knowing the factors of safety of constructive materials, 
as in knowing the absolute safety of the structures themselves, 

1 would require the commission to u.se the testing-macliine 
continually; I would have it use the machine not on diminished 
sections, but on pieces of the full dimensions that are to bo U'ucd 
in construction. Further than this, I would have the members" 
of bridges and other composite structures tcbted separately. I would 
then have every kind of bridge put tip and broken, the broken 
pieces reinforced, and the bridge again broken, and so on. It is 
my opinion that when bridges had been broken once or twice the 
best form of every style of bridge would be ascertained to bo some- 
thing quite diilerent from what we now generally use, and the weight 
of material used in them might be very much less. I would re- 
peat the same series of experiments for girders and trusses, the 
same for columns, and the same for the actual pieces used in every 
structure where hfe, health, and comfort are concerned. If the 
public were fully assured that this was the purpose and intent of 
the commission, engineers w^ould not be obliged to ask Congress to 
appoint such a commission, the public would demand it- 
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Wbafc X have said no\% relating to iron materials should also 
be done er structiiies oomp<i3c*d ot \\oodjj and I think that we would 
find in a great many cases that the s^i^tieiares that are* using are 
not only wrongly f'ombuatid but are too heavy. Y/e have been n^ing 
wood since the world began. A few c.peiiments have been made 
in regard to it, but vciy little is reilly knonn except wliat has been 
learned by certain maniif;ictnrers who have experimented npnn it 
Foi a wdiole year the testiiig-niachine of the School of Mines was 
used to determine the strength of wooden materials. The results 
of thci>e expenuicnts were in many riapeets contraiy to that which 
is ordinarily believed; }et these expenments, being made for prKate 
paitieSj were consigned to oblinon^and the world is no better off for 
their having been made. 

But these structures m theni«^elves are not tlie only things In 
which the public has a direc^t interest. We know that metals and 
constructi\o material undergo fatigue, that up to a certain point 
this fatiguewill not cause rnpiuriMind that if the matenal isullowed 
a certain amount of rest between the iulcivah of fatigue it will last 
a much longer time than if it has no rent Theie comes, however, a 
time whvn the fatigue is so great that it will overbalance the refresh- 
ment and the metal then breaks. XYho knows now whetlier there 

I 

is any possible method of ascertaining beforehand when a metal is 
fatigued so as to prevent disaster from rupture? 

We do not know but that we are constructing at the present time 
our bridges, girders, trusses, etc.;, with such factors of safety that 
the metal itself may be the citiiae of its own destruction. Every 
engineer knows of the deleterious effect of superfluous material in 
structures which are to bear continued vibration or repeated shock. 
We have reason to believe that disasters from overweight of the 
i^trijcture occur more frequently than has been supposed. We know 
something about the law of fatigue, but we do not know much ; we 
know still less about the law of refreshment. It has been well 
known for a long time that if metals were placed in a testing 
machine and pulled to a certain limit and then allowed to rest, 
they would bear a much greater tensile strain than if they were 
pulled apart at once. But wc do not know the law by which this 
almost instantaneous refreshment takes place, 

I made a calculation some years ago, as chairman of the committee 
to assist the old commission, that if the tests as they were to be made 
should prove that the quantity of materials in constructions could be 
considerably lessened, and yet have as great, perhaps greater strength, 
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every navy yard of the government would save at least 00^000 a 
year. The government which can make anything like such a saving 
is not only justified, but in duty bound to incur the expense neces- 
sary to insut’e it. 

Iron and steel are not the only materials, however, which requne 
investigation My own researches during the last eighteen months 
have been upon copper and a series of its alloys, and to a very large 
extent upon brass and cartridge metal. This last roetal is of great 
value, and is required to lesist extraordinary pressure* And what 
is tiue of this is true of nearly every metal that is spun or struek- 
up In the course of these investigations I took several series of 
samples, selected at random flora many hundreds of thousands of 
cartridge cases ready for use, and loaded and fired the cartridges un- 
til they could no longer be used. Many of these were useless after the 
first firing, some of them were fired ten times, some thirty, and some 
ab high as one hundred and fifty times. Now I ask why should not 
every one of these caitridges, made of the same metal, in the same 
way, and with the same machioery, have stood one hundred and 
fifty times firing'^ After a patient mvestigation, embracing every side 
of inquiry, chemical, physical, and mechanical, I ascerlained that; 
the immediate cause of rupture was the staiting of the more volatile 
metal ui each of these alloys. Why should exactly the same condi- 
tion cause the volatile metal to start, and the metal to become worth- 
less in one case, after the first firing, when in others it stood one hun- 
dred and fifty firings? Those who have not looked into this question 
of the separation of alloys under pressure, and the different veloci- 
ties of the cold flow of metals under equal pressures, have very little 
idea of its commercial importance. I have seen many tons of such 
rejected mateual as this in the manufactories of our Eastern States, 
every ounce of which was rendered useless from some such cause. I 
have seen hundreds of thousands of cartridges a{>parently good, but 
rendered after a few months of storage, at absolute rest, completelj’ 
useless fiorn the same cause, though they had stood the test of in- 
spection and trial when first made, I believe that this and othei 
kinds of fatigue are perfectly preventable, but nothing but the work 
of such a commission would be able to ascertain for the world at 
large what the means of preventing it are. 

It IS easy to ask why private individuals should not make these 
investigations for themselves. The reply is, that the same investiga- 
tion, if made by private individuals, may be repeated fifty times and 
at many times the expenditure necessary to have the whole subject 
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thorooglijy iiiveshgatedj and still no addition be made to the sum of 
human knowledge, for the results of every private investigation are 
kept seeiet My own pi'ofesslonai practice is full of just such inves- 
tigations as these; some of them I am at liberty to speak about, but 
most of them are the private property of those who bad them made* 
Moht nianufhcturers are unwilling, and justly so, I think, that the 
capital which they have espentled in ascertaining these facts should 
be used b> others, and they aio especially unwdlhng that their com- 
petitors should have the benefit of all their experiments and expea-* 
ditme, wdien they are likely to have a large profit in keeping the 
knowledge to themselves. I do not think it is reasonable that any 
one should ask that the inamifacturcis who employ time, talent, and 
capital, in ascertaining the defects in their business, should give such 
results to the public for nothing. Some of them do it freely, and 
are to be commended for it, but we cannot blame those who do not 
Just such in formation is, however, imperatively needed by the country 
at large* The public bhould know the facts and be able to utilize 
them, bnt it is only the General Government which can secure the 
talent and the money to make such experiments on a large scaH and 
in a thorough manner, and then distribute the information gratui- 
tously My opimon is, that this commission, while it should use the 
United Stares tesinig-machine or other machines built on the same 
or other principles, should also construct for itself apparatus de- 
signed for special caftcs, which may or may not be used a second time; 
but that they should above ull things make the experiments, to which 
I have referred, of testiiig all such structures and materials as affect 
the public security, health, and happiness, with fiilksizod striu*tures; 
and, as I have pointed out to you, this caanot be done to a very large 
extent without many machines designed ibr special oases, which could 
be built at smAll cost, and wdiich, in conjunction with the Emery 
luachinc, should be in constant use. The commission, if appointed 
by the government, should be expected to begin the work at once, 
and to make acceBSible by monthly publications, to enghieers and 
others who wish to oonsnli them, the results of those experiments, 
without tlieory or comment at first, and then after a time, whoa 
they have multiplied them auflicicnily, with deductions drawn iVom 
them. They should fully test all of the theories which have been 
evolved from their conclusions, and afterwards publish them in the 
report to the proper departmeat of the government, which report 
should be not only accessible to engincei'S, but distributed in such a 
way that the widest publicity may be given to the facts ascertained* 



Si)6 IKON AKB STEEL COKSmEIiEB Ati STRUCTURAL MATERIALS. 


Every time I have heard the old commibsioii spoken of the United 
States testing-machine was alluded to in the same breatli. This 
machine I bejiev^e to be, as I have said, perhaps one of the most re- 
markable and accurate machines that has ever been built, but to 
associate the work of sneh a commission with a tehtmg-niachiiie, or 
any other single tool or ju\estigafcion only, is a great mistake As 
I have eadea\oml to point out, the subject is much broader than a 
test!Tig-*machioe, which is a comparatively small factor in the bttidy 
of a>aterial upon which so many human hvcs are every instant de- 
pending, and which is such a large factor in the happiness and pros- 
perity of every natiom 

Remarls of Mr. G. S. Mouison. 

J Dj Mr Bo^ait, teePrctiii> oi the oi C^vll ) 

I HAVE had considciable experience with tlie testing-macldne at 
the Watertown Arsenal, having had broken there sivteeu large stecj 
eye-burs, besides quite a number of iron bars aucl two conipression 
members. So far as accurate and satisfactory results are coucerued^ 
the machine is all we could ask for, and the officers who have it in 
charge, together with their civil assistants, are thoroughly conversant 
with it j detail, and entirely eoiripctenfc to make the te^ts required, 
The principal defect is that ilie force is veiy inadequate. 

As the machine is arrangetl, the weighing apparatus is at one end 
and stationary, the measure of strain being cari^'ied from this to iho 
scale-beam by the fluid in a tube so small that it looks like a wire. 
At the other end is placed the hydraulic press by which the power 
is applied ; this press is mounted on a small carnage and held 
by two eight-inch screws about four feet above the floor, which arc 
of course strained in compression during tensile teMb, and in tension 
daring compression tests. When the stretch of the material has 
exhausted the throw of the plunger it is necessary to relievo the 
strain, dr^w^ back the plunger, and move the carriage along, which 
is done by mit^ tunied by steatii working on the large sennys. 
Every specimen placed in the machine must be lifted above the 
large screws and lowered into position* To do this, crabs, running 
on travellers, which span the entire room, are placed over the ma- 
chine, and by tho^e the specimen can be lifted and put in place. 

The actual time required to make a tost depends largely on the 
amount wdiioh the material stretches, but It may gcncrully be sgid, 
that for specimens which wiil stretch from two to three feet the 
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Rctus.! tiin6 Will be froni to Lhvec hours. This is^ ppWiapSj as 
fast as tests of this kind shouhi be made; but this would admit of 
making four tests per daj', whereas, the actual woik done by the 
niacshiiie is not much more than one te-jt per day, nine tc«ts, as stated 
by Mr. Macdonald, having eonsiimed seven and one-half dajs. As 
the machine is now operated its actual capacity is not much move 
than three hundred and fittv tests of tension membei’s per year, 
while it should be twelve haridrcd. Compression members can be 
more lapidly tested, as the plunger-carnage does not have to be 
moved. Xo get tiie full work out of the machine it is simply necessary 
to add to the present staff of skilled men a force of unskilled men 
who shall perform the different kinds of manual labor required, and 
get specimens ready during one test, so that the second specimen can 
be put ill the machine as soon as the fimt is removed, and who will 
perform, after and before the regular working hours, such work as 
does not require the immediate supervision of the skilled men. 

The actual charge for use of the machine is now eighteen dollars 
})er day, besides a small charge for preparing the report on tests, 
and a chaige for wha^ver expense is incurred in fitting the speci- 
mens. This charge is a very reasonable one, and in the cii.'se of 
laigc sled specimens, like those which have been tested for me, it 
amounts to about one-quarler the total expense of the test ; the 
value of the bars destroyed, and the miscellaneous charges lor 
tramsjKUtation and the like, being about three times the actual charge 
for the test. In connection with a piece of work which I now have 
in hand, I have already had thirteen tests made, and shall have 
about as many more before I get through, so that the tests made for 
this single structure will occupy the machine for about one month as 
it i"- now worked. 

As testa arc now conducted, the record of teats is the property of 
parties ilir whom they ai'e made, and special instructions have been 
given to prevent these tests lieing made public. To secure the fullest 
benefit of tl’is machine all tests made ought to be published by the 
officei’S in charge for the benefit of all who take an interest in 
them, and tlie machine should be worked up to its full capacity. 
Ah the machine is the property of the General Government, even if 
the present charge, which is little raoie than the cost of working 
the machine, is maintained, the general public are justified in de- 
manding that the results of its workings shall be given to them. 

In the matter of the use of steel for structural purposes this ma- 
chine is almost indispensable. The two points which must be con- 
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sidered iti introdaciiig a new material for striintural purposes are, 
first, its capacity for use; ami, second, its ability to stand abase 
The capacity for use is mea«ureu bj tiie elastic limit of the material, 
■which IS the real measure of strength to which the factois of safety 
should be applied ; the ability to stand abuse is determined by the 
behavior of the material after the elastic limit has been passed; and 
while this forms no mea®ure of the strains i/hich may be pnt upon 
the material, it would determine absolutely whether the mateiial is 
fit for structural purposes or not A material like glass, which is 
destroyed as soon as its elastic limit is passed, is wholly unfit to sus- 
tain strains in construction. The old-fashioned high-carbon steels 
had the same character, and the material now demanded for struc- 
tural purposes is one uhich shall stand a great distortion after pass- 
ing the elastic limit and before rupture. The machine at the Water- 
town Arsenal is the only one now in existence m hich ivill determine 
these results on bars of the size which it is desirable to use in struc- 
tures of such magnitude that it is important to use steel in them 

This machine has a capacity of 800,000 pounds, and in the courae 
of my experiments I have had occasion to work it, in several in- 
stances, to nearly 700,000 pounds When it is remembered that about 
two-thirds of the whole stretcli is accomplished during the applica- 
tion of the last 5000 pounds per square inch, and that this stretch, 
and the reduction of section at point of fracture, are the best measures 
of the ability of the material to stand abuse, the importance of these 
teste is at once apparent. Although I have had a number of full- 
sized steel bars strained beyond the elastic limit in other machines, 
I have not yet found a machine which would break, or even develop 
any considerable part of the stretch, in any of the larger sijies of the 
bars which I have used. 

When it is remembered that the cost of making steel now but 
slightly exceeds, and will probably soon be less than the cost of 
making wrought-iron, and that the elastic limit, which ie the true 
measure of strain which may be safely applied, i.s about one-halt 
greater even in the lower and softer steels than in the best wrought- 
iron, the importance of a complete set of experiments which will 
develop the ability of steel to stand abuse, and so prove its adapta- 
bility to the purposes for which wronght-irou is now used, can 
hardly be overestimated. At present it is considered best to limit 
its use to those parts of structures which are least liable to sudden 
shocks and irregular strains, though it can hardly be doubted tliat a 
steel will soon be made of such uniformity and toughness that it 
will be preferred to wrought-iron for all uses. 
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Paper by Mb. Pbrcit^b Eobeets^ Jr. 

ON SPECIFIC ATIONS FOR TESTING- IRON AND STEEL 

I DESIRE to present this evening a few cotes from the stanrlpoict 
of a manufacturer upon the subject of tests of iron for structural 
purposes ; not that I have any new facts to which to call your atten- 
tion^ but rather a statement of a few of the objectionable features of 
the present modes of operation, showing the absolute necessity of 
important and very radical changes. At the present time, as most of 
you are well aware, proposals for materials are accompanied by cer- 
tain specifications as to quality and tests to which the manufactured 
Article must conform. Evolved in many cases from the inner con- 
sciousness of some one more expert in theory than in practice, we 
find a few of the specifications to be good, many bad, and some in- 
different. 

Appended are specimens of specifications of the most prominent en- 
gineers and railroad companies, which may be taken as representing 
the best and most intelligently framed specifications which we now 
have, and yet in some points scarcely satisfactory, owing to misunder- 
standing of tests as now made. To show the very varied opinions 
held as to proper quality of iron for bridge-work, I give the tests of 
two lots of iron made by inspectors with^the results, which were re- 
ferred to the maker with the following comments : 


JUOT No. 1. 

Test of Iron for H'^ebars. 

Boduceid area Elongation, 

Per cent Poi cent Breaking load 

X 26 2& 53,500 

Bont 120° aroun/l bar with fracture 


Eedueed area. Elongation. 

Size Percent Percent Breaking load, 

X hV^ 

Bent 110° around 2^-' bar This iron should bend 180° without fracture, 
and is therefore rejected. 


Lot No. 2 


Test of Mnfor Bridge, AU measurements taken upon a parallel sechm of 
Iron for tenmon membera. 


Size 


Breaking load 
par square Inch, 

49,500 


Elongatton 
Per cent 

20 
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'Fiongatio'a 


Pfer n*cli 

Per cent 

H X 1 

a'koOO 

20 

3] X H 

i8,320 

20 5 

10 1 

X } 

4SM0 

sixA 

48 000 

25 


The b'lr-iron wa<i all too ^oft, hence tacked ^titnglb Tci,ts showed this , they 
■bent 120® without fnictme 

From the above we may feee the very different opinions of etigi- 
neers with regaid to the qualities btutahle for structural material. 

Again, todllustrate the \ery peculiar position in which manufac- 
turers are placed by this couflu L of opiiuoi), let me quote from the 
charge of Judge 5IcKeiinaii to the jury in a rase brought before the 
United States Circuit Court, growing out of a condemnation of 
material furnished by the Messrs* Atkina, of Pottsville^ to the Edge 
Moor Iron Company for the New York Elevated Railroad. I quote 
as follows: There is no doubt about the fact that this iron was to 
be used in a structure of a particular character, that it was a par- 
ticular kind of iron, and that Certain qualities wTre essential to the 
value of it in such use. It wilt hardly be 5aid that a man who was 
making a contract for angle iron of certain dimensions, and ^vas told 
that it was to be used in a particular construction, such as this, for 
instance— over which it was to bear heavy weights, over which 
locomotives and passenger trains were to h'i carried — it w^oiild liardly. 
be fair to assume that the parties intended that iron wliich would be 
suitable for use in a bridge over which |)eople were to walk merely, 
was intendetb Therefore, it is that the rule which I have staled is 
founded upon sound common sense ; that where parlies come together 
and make a contract in reference to a particular thing, and they both 
understand that it i& intended for a particular use, that something 
w'hioh is not at all adapted to that use is not to be supposed to have 
been the subject of the contract between the parties. .... In a 
bargain and sale of an unmanufactured article, w’hich the seller is 
informed at the time of the contract is intended for a special purpose, 
there is an implied warranty that the article to be furnished is fit for 
the special purpose inleiid(*d by the buyer. In such ctise the buyer 

iiGcoosarily trusts to the judgment or skill of the nianufactui’cr 

The law implies a wamiot on the part of these plaintiffs that the 
iron furnished by them under their contract should be adapted, in 
quality and otherwise, to such intended use; .... I do not under- 
stand tlmfc the)‘e is a serious contest here as to the quality of this 
iron. It was mercka/itable iron/^ 

Sere we have it distinctly set forth, that there being no written 
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or exptetoS agreement between the parties as to the quality of the 
matenai, it must be furnished suitable for its mtencled use. But 
who is the judge of Its fitness ^ What is the criterion of its 
when aie dependent upon a standard as shifting as opinion^ with- 
out proofs can make it 

To illustrate once more a difficulty which at present occurs, I 
give m the accompanying table a memcrandura of tests made upon 
some fiat 12 '^ wide bars which were intended to meet requirements 
of Pennsyivarsia Railroad specifications, namely: Ultimate tensile 
strength, 46,000 lbs,, elastic limit, 23,000 lbs ; stretch, 15 percent, 
in 8^^ Two bars 12^' X and one bar 12^^ X being taken at 
random from a lai ge number, a piece 10 feet long was cut from each 
one and tseiit to Watertown Arsenal. Prom each one also a piece 
16^' long was taken, and divided up the centre, half being ^ent to 
Fan banks, and remainder i^etaiued at the Pencoyd Iron Works 
From each of these pieces, nameljq 6 ^' X and 6'^ X i", five test- 
pieces were cut, being about 1'' wide, and tested with results shown 
in following table . 


Temik Testa of 12^ inch Lon Flat Bars 



■g 

's 

Area m square 
inches 

1. 

Is 

~s 

si 

1“ 

0 

11 

si 
^ 1 

"" 

Stretch m 8 inches 
pier cent 

s S 

5 ^ 

r. « 

a 

S 

m 

1 

3-s 

*1 

Lf 

1 

ai 

«} 

o’S 

gi 

■3^ 

r 

Tested by 

MS 

M ' 


1 

2 

3 

4 

5 

60iS 

701)0 

70OU 

0707 

30 080 
20,785 
;K»,C378 
3,210 
28,000 

44,714 

40,285 

46,270 

42,370 

10 94 
859 

8 50 
H27 

6 25 




Pe*iaoyd. 

Fairbanks 

W atertown Arsenal. 

Pencoyd. 

ti 

tt 

Fairbanks 

Watertown Arsenal 


7D90 

25,955 

39,223 

10 37 




m 


23,800 

10, rvu 


16 2 

15 2 

r 0 

k 

H 


Tn 
2-1 ' 
S-1 : 
4-1 ; 
i>"i i 

0831 

7r>t8 

(Aim 

t)l53 

7J74 

ilUJ03 

tK),i>90 

2^)/>40 

28,800 

2^7,110 

47,8<»0 

45,7)3 

47,100 

47,700 

4*1,070 





I 

7<.00 


47,343 

22 37 




mM 


25,000 

16,370 


210 

165 

19 7 



-V 

1220 

27,075 

42,024 

0 37 

nn 



Pencoyd 



*}. 

r>rn2 

31,307 

I 42,831 

702 




** 

5 


s 

1353 


; 13,551 

8 59 




** 



4 

5101 

30,lKI7 

i 40,173 

7 02 




** 

M ■ 


6 

545<) 

3f),7{j7 

! 43,406 

869 
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1F^ 


IQI 

5300 

28,638 

43,208 


B 



Fairbanks. 



mi 

650 

2G,40<S 

41^ 
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IB 

21 6 

Waterbown Arsenal, 
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In these results we see a great want of uniformity. By the Water- 
town tests the bars would be accepted, while by the Fairbanks tests 
two would be rejected. Some pieces, by the Pencoyd test, ivould be 
accepted, while others, taken beside them, would be rejected. The 
elastic limit in both the Fairbanks and Pencoyd results is probably 
too high, owing to the method of observation. The 12 X i bar 
at Watertown broke through a blister which opened at 31,000 lbs. 
per square inch, which accounts for the low tensile .strength of this 
bar 

We have, as it were, tested chips, and fiora them deduced the 
strength of timbers. Small samples of one square inch area or less, 
and a few inches long, have given us all we know of sections foi 
structures of many times that area and length. It may be well laid 
down as a law, that in bars of iron, wliether round, flat, or square, 
the element of non-uniformity varies as the square of the sectional 
area. It is generally considered that iron of good average quality 
IS capable of sustaining an ultimate stress of 50,000 lbs. per square 
inch A bar of a sectional area of one square inch should, and no 
doubt will, stand the above, but we eir in concluding that a bar of 
six square inches will sustain a coirespondmg stress There is one 
point which cannot be too strongly urged upon all those who employ 
wrought-iron for structural purposes, and that is to pay especial at- 
teiifion to the shape of the section upon which they are calculating 
sti-ains. The bar of one square inch, whether round, flat, or square, 
will give probably the same result, but put the same quality of iron 
into a wide, thin plate, angle or channel, and a very different result 
may be obtained. It is, 1 think, much the same as if the material 
of a rope was placed in such a form that all the fibres did not sus- 
tain an even share of the strain, and consequently, some being over- 
taxed, yielded first, causing rupture at a lower stress than had the 
fibres all borne an equal proportion of the load. We pay too great 
attention to ultimate breaking strength at the expense of the other 
far more important qualities of elastic limit, reduction of area, and 
stretch. For if we strain a piece beyond its limit of elasticity it is 
only a question of time when its failure will occur 

I have very hunuedly and imperfectly shown a few of the dis- 
advantages under which both the buyer and the manufacturer labor 
at the present day, owing to the methods of testing now employed. 
Where shall we look for a remedy ? I answer that government test- 
ing-machines, such as the one now at Watertown, capable of testing 
the largest sections of iron and steel, both rolled and forged, should bo 
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erected at the principal nianufectiiring centres. Tests could then be 
made quickly, as the material is furnished by the mills. The testing 
also will be in the hands of competent persons, who, engaged in this 
work alone, will be much belter fitted to conduct tests than those who 
now in many cases undertake them. Upon these machines let experi- 
mental researches be conducted by propeily appointed commissioners, 
among whom I deem it very essential that the manufacturer should 
be represented* To the engineer no doubt belongs the determining 
of strains and the calculation of parts, but very many questions will 
aiise in the course of these investigations which can best be answered 
by those thoroughly acquainted with the practical details of manu- 
facture. As one of the results of these researches I \vouId suggest 
the framing of a standard set of specifications for tests to which iioii 
and steel for structural purposes should be subjected. We have our 
standard weights and measures, why not our standard tests ? I be- 
lieve by so doing a better manufactured article would be obtained, 
as the mixtures of iron would not be continually changed to give 
here a little more elasticity, and there a trifle less stretch. This 
matter of government action is one of vital importance. Year by 
year the employment of metal in place of wood for structural pur- 
poses is increasing in an enormous ratio, and we are ignorant, very 
Ignorant, of the qualities of the metal we are using, and the strains 
which it will sustain. The thrilling story of a bridge disaster 
bears more eloquent testimony to this fact than any words of mine, 
ft is not in the interest of any one section of country or class of 
people that the aid of the government is invoked* The expense to 
be incurred in these investigations is far too great for any individual 
corporation to bear, and the knowlegc to be gained belongs to the 
nation. Tlie citizen of San Francisco who travels to New York 
is as muoh interested in the safety of each bridge upon liis route as 
he who lives beside it all his life. A beginning has been made, the 
testing- machine now in operation at the Watertown Arsenal is a 
grand monument to American engineering, and is it to be but labor 
wasted ^ I feel that this whole matter, if placed before Congress in 
its proper light, would result in prompt and intelligent action. 


Remabks ot Me. Wiliaam Metcalf. 

One point of vital miportance has not been touched upon this 
evening; it is the necessity of having a history of the mode of 
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manufacture of material tested) before an engineeBeaa make safe and 
intelligent specifications. 

When a person buys material of a known bi’and, the manufacturer 
will properly decline to say what raw materials he used, their pro- 
portions, or the way in which he worked them, because his com- 
petitors ^'vould seize upon such facts and use them to his disadvantage. 
For this reason all private records of tests, either of manufacturers, 
constructing engineers, or others, are seriously defective. 

Theie is at present no way for an engineer to learn how to specify 
the way in which his material shall be worked, based upon any well- 
known general principles, and there is, consequently, no way for him 
to know, within bounds of reasonable certainty, the quality of his 
materia! except by testing each piece to ultimate rupture. To illus- 
trate : the only gun that burst in proof of several thousands made at 
the Fort Pitt Foundry, gave in tests: specific gravity almut 7.2f); 
tensile strength about 85,000 pounds per square inch I speak from 
memory, but the figures are very nearly right. This gun was thus' 
about perfect in physical tests, it was a .sound casting, showing no 
porosity or flaw.s, and it was impossible for the inspecting officeis to 
know the cause of failure. The founders knew 6.xaetly the cause of 
the trouble, and no more such guns were made. Again, in the case 
of the large steel auchor-btilts for the St. Louis bridge : some of them 
broke at from 28,000 pounds to 85,000 pounds per square inch, and 
test pieces from these broken bolts gave a tensile strength of about 
115,000 pounds per square inch. The engineers aud contractors 
were thoroughly puzzled until a friend told them that the steel w’as 
undoubt€<lly good, but that internal strains had been sot up in the 
manufacture, and that it was probable that careful annealing would 
remove the trouble. I do not know what was done in this ciso, but 
after that time there were no more failnres of that sort. 

A commission, such as is now propo.sed, could go to a raanufitcturcr 
and ask him to make certain pieces from given raw-raaterials to be 
worked in specified ways, a complete history of the manufacture to 
be kept and sent to the board with samples of raw, partially worlcetl, 
and finished product. No person would object to doing this, as it 
would not involve the giving up of any trade secrets ; and in this 
w.ay, aud this only, can engineers ever learn to avoid the most 
serious dangers to which they are now exposed. 
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COMMXJXICATIOX PKOM Mr. C. P. SaKPBBRG * 

(Sent to the Secretary m manuscript subsequent to the Washmgton Meeting ) 

Havikg been occupied in inspecting md testing iron and steel 
these twenty ’^ears in England^ and previous to that having served 
on the Board of Iron Masters in Swedenj I have natmally been 
ve^J much inteiested m the '^ubJect of the use of steel for structures 
I regret that I can offer bat comparatively small e^ponence on that 
head, having had pnncipallj^ to do with steel for railway plant and 
rails; but granting these to be a kind of structure/^ and also that 
steel for rails has similar duties to perform in many lespects, and 
is generally nianufactured in the same way and at the same works 
as steel for structiireSj properly speaking, I may be entitled to offer 
an opinion on the use of steel m constraotion* In a paper recently 
presented to the Institution of Civil Engineers in London, Mr. 
E\fing Matheson has recommended that the Board of Trade rules 
should be amended s6 as to allow of a majtimum straining of 8 tons 
pcrsquaie inch instead of tons. But it is equally necessary to 
fix the amount of ductility or elongation of the metal for such a 
stiain as Stons. Strength and ductility should always be spoken of 
together. 

Mr. Matheson says that steel can be manipulated in the factory 
in the same way and with the same tools as are used for iron. This 
can only be granted for mild steel, for hard steel vould be spoilt by 
the rough mechanical ti eat ment which iron can stand, such as punch- 
ing, for Instance; and the remedy for regaining the strengtli lost by 
punching hard stpcl, viz., annealing, cannot always be applied, ^votli- 
ing proved thib fact better than the punching of steel rails of conshl- 
crablc hardness, which caused fractures at an early period of stee^- 
iinaking, and which resulted in the stipulation for dnUing instead of 
^umhingih^ bolt-holes, which had been formerly applied to iron rails 
without any damage In fact cominibsions to establish standaid tests 
are now working on the Continent, principally in Germany, where 

It U m uiteicsting coincidence that about tbe same time of tlie dibciishion at 
the W.ishmgton meeting of the Institute of *^Iron and Steel considered as Stiuctu- 
ral Materials/' the siil>)ca of "'Steel for Structures/' introduced by a paper hr Mr 
Ewing MiUheaon, was under discussion in the Institution of CiTil EngineeH in 
London The remaiks herewith presented to the Institute are, in the niaiu, the 
same ns tho'^o made In the discussion of Mr. Matheson's paper, but m this discus- 
sion ma> not be seen generally by my fellow-meinbers of the American luistituto of 
Mining Engineers, t teire to contribute the results of my experience also to the 
Transactions of the 0 F. S. 
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the governmentj having taken posse&Mon of the chief railways of 
the country, are laying down laws almost impossible for the makers 
to fulfil It is only a fortnight since the questi(m was under dis- 
cussion at Berlin, where a paper was read by Dr. Wedding (of 
which a resumS is published in a recent issue of Sic^hl und Eiscn), 
under the title Classification and Specification for Iron and Steel. 

The main point of the German specification is that every charge 
or blow should be tested for tensile strength, but not accepted by 
the inspector at the works, but by the railway directors themselves 
after their own testings by which system great delay and other in- 
conveniences in the execution of the order are caU'^ed, resulting 
sometimes even in the rejection oi large quantities at the final in- 
spection on arrival at destination. This the makers naturally think 
unreasonable. 

An illustration of the tensile-strength test being applied to railway 
structures of steel as the principal guarantee for safety, with neglect 
of a test for concussion or impact, is just at present to be seen m 
Germany. The railway authorities complain of more fractures 
there, and have in fact fixed a price for the best invention for bold- 
ing a broken tire to the wheels, so that it will not 9y and cause acci- 
dents; and they state themselves that in cold winters heavy breakages 
of the steel occur in rails, axles, and tires, ootwithstanding that 
their steel has undergone test for tensile strength. On the other 
hand the makers complain bitterly against this mode of testing, as 
being slow and costly. On analyzing’ the steel it is generally found 
that silicon and phosphorus are present in large quantities, but as 
the carbon is low, considerable tensile strength and elongation cau^ 
still be obtained. What better proof can be needed on a large scale 
of the inefficiency of the tensile-strength test of steel for esases where 
concussion is to be endured ? I have inspected rails wkii satisfaction 
for countries with far taor^ rigorous climates than Germany, for in- 
stance Russia and Sweden, using the drop test only, neglecting the 
tensile strength. 

In America the control aud inspection of the quality of steel is 
overdone in another direction, viz., by chemical analysis, so that 
steel, even for rails, is now nearly always chemically analyzed and 
the composition stipulated in contracts. I have had ample experi- 
ence to enable me to say that both these methods are impracticable 
as proposed in Germany and America for rails, and that a atnot in- 
spection with the heavy falling or drop test at the works is quite 
sufficient both for economy and safety. But working particularly for 
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America^ I have been obliged to accomniodatt myself to the stipu- 
lations, and I have analyzed steel, both for rads and for blooms, in 
conjunction with makers I have made In my own laboratory more 
than 800 analyses, during the last twelve months, of steel from all 
the pnoeipal makers in Great Britain and Germany ; and have estab- 
lished a system of combined mechaiucal and chemieal testing, which 
is at least ^\orkable or practical as a sort of combined control, run- 
ning regularly with the production, without interfering more than is 
necessary with the execution of the contracts. 

This system consists in the resident inspector at the works testing 
the product mechanically, generally with the falling weight. Then 
borings are taken from the very spot where the steel has been tested, 
and these borings aie duided between the makers and myself for 
chemical analysis. It is a great satisfaction for me to state that 
the results almost in variably agree. This is the very best proof of 
how well chemistry i.s now applied at almost every steel works, and 
reflects great credit upon the Royal School of Mines, where most of 
these chemists have received their training, under the guidance of 
Dr. John Percy, who has also greatly contributed to our knowledge 
of steebmaking processes through his works on iron and steel. 

The suggestion of supervision of the whole manufacture, in order 
to see that there are used suitable ores, pure fuel, and material, 
through the various processes, I would venture to disapprove. I 
think any interference with the maker in this respect would be 
almost worse than the American or German methods of testing the 
ready product; and although the maker should give every fa- 
cility at the works to execute specified tests, he should at least be 
left free in choosing his own raw material and the mode of woijking 
it, so as to attain the desired end. I have always held that in 
ing an article the modm operandi should, if possible, be adapted to 
the fimctions it has to perform in practice, such as tensile strength 
and ductility for structures of dead load, density and homogeneous- 
ness for abrasion, tenacity for concussion, etc. 

Bridges having to so])port trams running with anything like 
speed are exposed to concussion, therefore the material in them 
should be tested for concussion, just as are rails and axles and tires. 
This is all the more necessary, as steel, with an excess of silicon and 
ph(^sphorus, will roll apparently well and even give pretty good results 
in tensile strength if the carbon is at the same time low. Such steel 
would, in rails, be almost huperior to the pure steel. I have had, 
for tlie purpose of comparing wearing results, Bessemer steel rails 
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made in Sv>edetJ of their pure material, laid down here io LoikIoHj 
and found them not so durable as thoso made in Englaiidj notwith- 
standing the latter were more impure* Happily, however, for the im- 
pure steel rails, there is but little work put on them before they aio 
kid that is apt to impair their strength. But very different results 
might be obtained if the same material weie used for structures m 
which it had to undergo the baibarous tieatment of punching, slot- 
ting, and bending cold, before coming into its place* It would be 
better if the deficiency in strength was discovered by fracture occur- 
ring in any of these opeiations than if It stood them and afterwards 
failed as a member of the structure. 

But in large practice only a small percentage, taken at random, 
can be tested, and the inspector will, of eourse, have to rely upon 
the balk being like the sample tested, or, in fact, upon the regularity of 
the production* JSow there has been no doa])t great progress made 
in steebmaking as regards regiilaritv, but perfection is still not 
reached, as every engineer knows, without peihaps knowing the 
reason* For instance, in the Bessemer pioce^s it is necessary that 
the proper raw material should be used as far as the phosphorus sroes 
(which makes steel cold-short, and thcrelbie should not be used in 
higher degree than what is anticipated to remain in the steel). Bili- 
conisa more frequent cause of iiTegakrity,for even with the uniform 
contents of silicon in the pig-iron used, the heat during the blow de- 
cides whether the whole of the silicon goes into the slag as silicate of 
iron, or only a. part of it* There is no sign, excepting the heat of 
the charge, to guide the maker when the silicon is out, as there is 
with the carbon, consequently the amount of silicon in the ordinary 
Bessemer steel may vary considerably without any sign in tlic process 
to indicate it ; and, admitting that it is a hardening substance, par- 
ticularly when it amounts to 0.25 per cent* or more, it is the most 
prevalent cause of irregularity in the hardness of Bessemer steel, 

I pointed this out in a paper read before the Institution of Civil 
Engineers fourteen years ago/*" and it seems strange, wdtii all 
the advancements in Bessemer steel-making, that such a cardinal 
fault should not have been overcome in that long time* Until tliei e 
be a means of knowing how much silicon is blown out (like the 
carbon), before the steel is tapped, I fear the regularity of Bessemer 
steel will always be more or less uncertain. Granting that it has 
lately become more regular through using less silicioua pig to start 


^ Minutes of Proceedings, volume page 408* 
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and maintaining a more iimfnrm heat; still blow luiglit 
give only a trace of siIicoHj and the foilowing one 0 50 per cent , and 
even 0 7r5 per cent with the same caibon and other coastituentSj and 
there is no means of knovvnig that this is the case honi anv bign ni 
the working of the prneesb until the product is tested incchanically 
and ehenncally Blowing a little longei will not ahva}^ reduce the 
silicon, but rather cooling the charge by letting it stand, or throwing 
m cold crop-ends or ingots so as to obtain a semidnkl bith, which 
allows the slag to be intimatelv mixed with the metal, when the 
metal is quite fluid, and the slag flows on the top^ you may blow a 
long time without anv silicon going out 

It is almost certain tliat the carbon in the molten pig iron in the 
Bessemer vessel is oxidized from the action of the slag and not from 
the oxygen fiom compresbed air. In fact the same chemical action 
takes place in the oxidation of caibon and silicon as in the pnddluig 
or in the open-hearth pniccbs, as explained by Professor Sef^t^onl in 
the School of Mines of Fahluii, forty" years ago. Hence the necessity 
of the thorough a<lmiAtuieof the rnetal and slag, which can only 
exist in the semifluid state of the metal, before any combustion of 
carbon or silicon can take place 1 ba\e only mentioned this to 
show one of the piincipal difficulties which makers have to con- 
tend wtth in obtaiiiing regularity in the hardness of Bessemer 
steel. 

On the other hand, experience shows that a certain amount of 
silicon is absolutely necessary to give solidity to the ingot, and jinlg- 
ing from experience, derived from the comparison of Imndredb of 
analyses with the ordinary inspection and mechanical testing, I 
would state that 0.1 0 per cent, is the minununa amount of silu^ou 
which blmuld exist in solid steel ingots suitable for rolling into clean 
rails, angles, or any ordiuaiy flange sizes, and that anything under 
this amount, as, say 0.04 percent., according to Dr. Dudley’b formula 
for rail-steel, gives blistering ingots and double the amount of 
wasters in the finished article* Silicon is needed to absorb the oxide 
of iron, which otherwise causes cracks in rolling, produced by over- 
blowing. 

The best jiroof of this statement is, that the otily complaint whicli 
I have had of blooms inspected for American railmakers, has been 
that they are giving more wasters, where tlie silicob is low, through 
cracks in ixilbng. I have also bad the same experience m my 
own rail inspection when the steel has less than 0.10 per cent. oT 
siheon* 
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As far as I have been able to judge by mechanical testing, com- 
bined with chemical analysis, such steel shows little or no dmi mo- 
tion in strength or ductility with 0 10 per cent, of silicon* Tins 
is confirmed best by the fact that steel for guns is sometimes aIIo^s’■cd 
this amount of silicon in order to start with solid ingots; and I 
would, for the same reason, as far as struct a res go, venture to ac- 
cept steel with 0.10 per cent, and for rails 0.25 per cent of sdicon 
'vuthout risk of breaking, and should be quite content if I could 
be sine of always obtaining no greater variation in cases where the 
carbon and phosphorus are low. 

I regret that I cannot give, without breach of confidence, the 
analyses made in my laboratory in the coarse of my practice as in- 
spector, but I may mention the extreme limits of each impurity out 
of more than eight hundred analyses, of which a very large portion 
has been checked by the makers themselves working upon the same 
borings, which were all taken by my own assistants from niechaui- 
cally-tested steel at the works. 

Carbon may be taken as a medium at 0.25 per cent , yet 0 40 per 
cent is steel of average hardness Outside of these limits 17 per <'ent. 
of the analyses gave lower, and 9 per cent, higher caibon out of 891 
analyses; thug showing, even with this great toleration, from 0.25 
to 0.40 per cent., a large quantity of overblown or softer, and al&o 
of un''^erbJown or harder steel than the stipulated range. 

Silicon . — Allowing a variation from 0.05 per cent to 0 25 per 
cent,, I have found 20 per cent, under and 12 per cent over the.^c 
limits out of 824 analyses, showing much greater variation ihan the 
carbon, and thus adding materially to the inegularity of 
steel. If 0 10 per cent, is taken as mmitnam 60 per cent of the 
tests show less siiieon. 

Phosphorus . — Allowing 0.05 to 0.10 per cent, as the variation for 
ordinary Bessemer steel, there have been 11 per cent with less con- 
tents than the muiimum, and 23 per cent with more than the max- 
imum out of 851 analyses made. 

Sulphur . — Taking the average variation to be 0.03 to 0 06 per 
cent,, there have been 20 percent, witii less than the minunuin, and 24 
percent with more than the maximum; but this impurity m of 
more interest to the maker than the consumer, having the effect of 
making the steel red-short. 

Manganese , — Taking the average variation to be between 0.5 and 
0,8, there have been 31 per cent, under the minimum, and 32 per 
cent, above the maximum, out of S29 analyses made. 
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Admitting that each of these substances present in the steel in 
amounts beyond the average variation above stated is exceptional, 
and that some makers, and even countries, are producing a purer 
and more regular steel than others, still these figures will speak for 
themselves as to the regularity of the composition of Bessemer steel 
They show how much more is to be desired in this direction, and 
also how great variations in chemical comjxisition can be tolerated 
w ithout any risk. This is especially true of rails, for which these 
analyses have been made, in connection with mechanical tests, which 
the rails have all^withstood in sufficient degree for safety. 

These results indicate greater regularity in the Siemens than the 
Bessemer steel, probably because of the greater time allowed for test- 
ing before tapping. This also applies to basic steel, which is com- 
paratively free from silicon, as is also Siemens steel. 

As Mr. Matheson suggests that all possible modes of testing 
should be applied to reach a proper classification of the metal, and 
to obtain the required degree of hardness for each particular purpose, 
I am surprised that he has not mentioned the chemical mode of test- 
ing for .steel in structuies, which I have been forced to adopt for rails 
a great deal moie than I desire, and even more than I think neces- 
sary for that article. But I cannot deny that chemistry, applied in 
conjiipction with mechanical testing of steel, has thrown a remark- 
ably lucid light upon the whole subject, in explaining why such and 
such phenomena occur; and as chemistry, from the beginning of steel- 
making, has been an assistance, and is still a great assistance to the 
maker, it may be of equal value to the engineer or consumer. But 
there is the danger of overdoing it, as has been done in America, by 
stipulating fixed formulas, which hardly any one can fulfil, and which 
are not at all necessary. 

In conclusion, I wish to say that, while the American steel-makers, 
as well as tho.se m Germany, unite in suggesting practical normal 
methods to engineers, and in resenting any undue and impracticable 
modes of testing steel, tliose of Great Britain have not done so yet. 
This is the more remarkable, since their Iron aud Steel Institute, as 
a body representing the steel trade, affords them every opportunity 
of 8Ugge.sting normal or standard methods, which might be of great 
practical value to producers as well as to consumers of the new metal 
steel. 
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TEE Mimm WOBK OF THE UHJTED STATES GEOLOGI- 
CAL SUE VET. 

BY S, F EMMOKS, WA^^HINGTON, B C, 

In the yenr 1B79, Congres-s, acting under the advice of the Ka- 
tional Academy of Science*^, dUeontmued the temporary surveys or 
explorations under Hayden j Powell, and heeler, and ebtahlished 
as a permanent organization the United States Geological Survey, 
mtikiiig it a Bureau of the Interior Department* ^ A great step nas 
thus taken toward obtaining the greatest practical tesultvS from the 
expenditure of the public money for geological purposes. The 
recommendations of the National Academy also contemplated the 
consolidation of all the various organizations for the raensniation 
and mapping of the country — ^such as the Coast, Engineer, and 
Land Office Surveys — under one single head; which, also, should 
assume the duty of providing the maps necessary as a basis for the 
work of the Geological Survey. But this useful measure did not 
meet the approval of Congress, and the various mensuration surveys 
were left m statu quo- 

With the final establishment of a permanent Geological Survey 
of the United States, it became necessary to adopt a plan of work 
which would enable it in time to take the prominent rank among 
the older surveys of other civilized nations of the world, which is 
justified by the great wealth and mineral resources of the country it 
is destined to study. The somewhat vague wording of the organic 
law under which it was created, directing an examination of tlie 
geological structure, mineral resources, and products of the public 
domain, left the details of the policy to be pursued very largely a 
matter of discretion witJi its director. That adopted by Mr. Clarence 
King, the first director, as fore^.hadowed la his Annual Report to the 
Secretary of the Interior for 1880, was one whose distirigiiisliing 
feature was the prominence that should be given to econoniieal 
geology, or the practical application of geological investigations to 
the development of the iniaeral resources of the country. 

In earlier Government Surveys, which were topographical re- 
connoissanees in a practically unknown region, geology occupied a 
secondary and unimportaot position. With the Fortieth Parallel 
Survey, inaugurated in 1867, and its successors, the Hayden, Powell, 
and AVheeler Surveys, geology became an essential object of the 
work, but owing to the wanta>f already existing maps topography 
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neeosj^arily absorbed a portion of their labor and funds. Even 
these, however, weie rather of the natnrt^ of ^eologiVal leconnois- 
sauces than of snrvns jiroperiy '^o-called— the corditions of the 
work demanding that a given superiicud area should be covered each 
year, without allowing tunc for complete and thorough investigation 
ol any particular class of ]>bonomena or scries of deposits Their 
labors had nevertheless furnished an adequate knowledge of the 
general geoloary of the great Cordilleraii system in the United 
Stafes, as well as general topographical majisof an area sufficient to 
serve ns a basis for more accurate and detailed studies, which might 
occupy, fora, number of }cars to come, all the foiee winch could 
be employed with the funds Congress would probabl} be willing to 
appropriate 

Therefore, instead of continuing recon noissanee work over the 
remaining unexplored area, it was decided to make detailed mono- 
graphs ot paitieular districts in the region thus partially known, for 
the purpose of illustrating geological phenomena of special interest; 
and thus give time for topography to precede geology, as it properly 
bhould, in the as yet unmapped regions 

An impoitant cliango in the manner of carrying on the geological 
work, introduced In Mr. King, was that of dividing the country 
into departments or divisions, over each of which ahoukl be placed 
a geologist-in-charge with an office at some central point, to whom, 
under the general supervision of the director, was intrusted the entiie 
responsibility of planning and cari;ying out the work in his division, 
and the choice and general direction of his assistants This change 
was favorable both to efficiency and economy, since by it the annual 
expense of transferring large parties from Washington to the held 
was avoided ; and the employes, becoming more and more familiar 
with the character of their particular district., could work up their 
material in the immediate vicinity of their field of labor, and would 
be enabled to do more rapid, and at the same time more accurate 
work. 

In pursuance of the idea that more attention should be given to 
the practical application of geology to the development of mining 
industry, the work of the survey was distributed under two main 
heads — General Geology, and Mining Geology; which, while indo- 
pendejnlj, should mutually assist each other. In time it was intended 
that in each division a distinct corps should be occupied m each of 
these branches, whose combined labors would result iw giving us not 
only a geological map of the whole country, but an intimate ae- 
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quaintaoce with its mineral resources, and some definite knowledge 
in regard to the vexed question of the otigin of ore deposits la 
the two field-seasons that have elapsed since the adoption of this 
programme, with the limited funds appropriated for the use of the 
survey, necessarily but a small portion of the work contemplated 
has been accomplished. Kevertheless a number of monographs are 
now in process of pablication, which will, it is hoped, prove the 
wisdom of the programme above sketched Their possible field of 
usefulaess will certainly be enlarged by the fact, that they will be 
procurable by all who desire them, at the cost of publication. 

The work of the mining geologists of the survey is that in which 
the members of the Institute will naturally feel the most direct in- 
terest. As a brother mining engineer, I fee! that it may not be in- 
appropriate for me at this time to give some account of the manner 
in which that portion of the work intrusted to me has been earned 
out, in accordance with the above general programme, and to offer 
to your consideration and ciiticibm my idea of the principles and 
aims vfaich should govern such work. 

The mining geologists of the Government should, it seems to me, 
bear to the mining engineers of the cotrntry a somewhat similar re- 
lation to that which the latter hold to individual owners, and tlie 
mining public at large. The duty of the mining engineer toviard 
his employer, the actual or piospeetivo owoei of a ininiug property, 
is to j)iace before him in an intelligible manner the character, mode 
of occurrence, and probable quantity and value of the mineral de- 
posits which his property may contain, and the best method of util- 
izing them. The duty of the government mining geologist, whose 
field of observ^ation is wider, and whose facilities for carrying on 
work are greater, differs only in this, that his views should be more 
comprehensive and his study should take in the general interests of a 
group of mines or of a wliole mining region, rather than of a single 
mine. In neither case, however, can trustworthy results be obtained 
except they be founded on a sound and accurate knowledge of the 
geological structure of the region in which the deposits are found. 

In coal deposits, it is true, the necessity of a geological basis for 
reports has long been generally recognized. But, in respect to 
metallic deposits, how many of the hundreds mining rc]>orts that 
are made every year in this country have any foundation of actual 
geological data? But few, indeed. I have been forcibly struck by 
this fact, in the course of my investigations, when 1 have endeavored 
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by the 8 tudy of reports on ret^ions I had not yet visited^ to obtain 
some definite idea of their geology. 

jNor 18 this true onlv of this country, it applies also, though perhaps 
in a less degree, to older oountnes. Look even at the clii^bical work 
on ore depobits of our respected Von Cotta, which is a compilation, 
made by a man whom we all acknowledge to be thoronghlv eompe' 
tent, of the be^t scientific data obtainable at the time he wTote. 
How little satisfactory information can be gathered from it of the 
actual geological relations of the deposits described Why is this? 
And m what Avay should it be remedied? If we ask the raining 
engineer wliy he has not given more geology la his report, his 
aobwer will probably be ' First, that nothing had been published on 
the geology of that region; second, that the peisons by whom be 
was employed desired practical x'esults, not theoiies 

Of tho two reasons thus given the first is eeitainly a valid one, 
ami tho want of published data is one which it should be the first 
duty of the Geological Survey to supply. The second is the 
picsbion of a prejudice, unfortunately too common m the public 
unnd, in favor of piactical as opposed to scientific raining — a preju- 
dice for whicli mining engineers as a class are partly responsible. 
Fortunately tins prejudice is gradually disappearing Ten or fifteen 
years since it was so strong that the fact that a man was a graduate 
of Freiberg, or other European mining academy, was almost suffi- 
cient to bar him from employraent m a Western raipe; while, to- 
day, in Leadville, among the most successful miners and metallur- 
gists, are found prominent the names of graduates of Freiberg and 
other European schools, such as Filers, Meyer, Giant, and others. 

Nor IS this prejudice confined to untechmcal men. Many mining 
cngincm, while freely admitting the necessity of a geological ba^is for 
detenniuing the value of coal, iron, petroleum, and allied deposits, 
(‘OnsulcT it at best in tho nature of an ornamental or deoonitivo ad- 
dition to a report upon metallic mines. In ray opinion, how- 
ev(>r, there is no inherent reason why, with sufficient study and in- 
vestigation, the geological relations of metallic deposits should not 
be detennined as accurately as those of coal and iron. The subject, 
it is truCi presents greater difBeultief=i, and la the rapid advance of 
geology at the prenent day, the geologist and the mining engineer 
have been pursuing somewhat divergent paths — the forrnei confiomg 
himself more and more to special branches of theoretical study, and 
the latter to the toeluucal and mechanical side of his profession. In. 
Prokpii;^'s cxoclleiit work, At^ehiv deyr Gmloyie^ a chapter is given,, 
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IQeohgie und JBerghau ia iKren gegenseitigen BeMhungen], clepre 
eating thi^ tentkiicy, and outlining in some detail the.i>fiieial work 
done at present in both branches by civilized nations. 

It behooves ns, then, it seems to me, not only as geologists, but a 
mining engineers, to give greater importance to geological stnidure 
in our reports and papers on metallic mines, and this not only for 
the purpose of removing the above-iiame<l prejudice, but for the sake 
of accumulating matter which shall, in time, afford us the mean*^ of 
rendering to ourselves as satisfactory and definite an idea of the 
niamiGi of the formation of metallic deposits, Ub we have at pie^eiil 
in the case of coal. 

The work upon which I have been engaged during the last two 
jears, at Leadvillc, will shortly appear as a monograph of the geol- 
ogy and mining industry of that district, and is one in whicli the 
practical value of a knowledge of geological structure is peculiarly 
sinking With the general outlines of this structure you are all, 
doubtless, more or less familiar. The mines are situated on the west 
slope of tlie Mosquito Range, near ihe head of the Arkansas River. 
Their ore is largely argentiferous galena and carbonate of lead ; a so- 
called contact deposit oceniTing between limestone and an overlying 
eruptive rock, generally ciUled porphyry, but which sonic hav o wi ongly 
ekssed as rhyolite The piincipal mint's of the district may bcvdi- 
videdt into throe groups, called, from their location, those of Iron 
Hillj Carbonate Hill, and Fryer Hill In the two former, which are 
simply shouldeis on the same mountain spur, situated one ahov<j the 
other, the geological structure is comparatively simple, and is gener- 
ally well understood. The ore is found at or near tlio surface of the 
liruesfouo, which in cither case dips gcntlj to the eastward, near xU 
contact with the ovei lying porphyry , and the gieat fault plane along 
which the movement has taken place, by winch the beds in Iron Hill 
liavc been lifted up, a thousand feet or more, from the position they 
origninlly oeeupiod as a continuation of the Carbonate Hill l)cds, 
has been actually laid bare by numerous shafis and winra. 

Still, evident as this structure might appear to the mind trained 
to geological reasoning, when questions of wnflict of title, involving 
the right, under tlie United States mining laws, to follow tlie vein 
ni depth, were bi ought before the courts, mining experts, matiy of 
whom called themselves geologists, were not wanting wdio were ready 
to advance ^^ther theories of btriicture in support of the olainiH of 
the companies by wliom they were employed, and these theories 
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io find favor with juries in inverse ratio with their proba^ 
biliiv ft‘o(u a scientific standpoint 

To uost of the outcrops of the easterly dipping beds on Car- 
bonj^ie ihll, limestone and ore were found beneath the porphjTy, 
whu‘h h*H med to some to indicate the existence of a naach -desired 
sccoin! c(mtaot. 

On Frycn' llill, where the richest deposits of all were found, no 
such stiucture was evident, since no Hraestoiie was found to 

underlie the ore beds; and, as the whole hill was covered to the 
depfli of 7f) to 100 foot \tith a sort of boulder drift, no outcrop 
could bo found to indicate the lines of stuicturo or the succebsion of 
fof mations* 

My (list visit to Ijcadville, which was in the fall of 1879, showed 
me that tiie fetrnctiirai piobicni here presented was one of intense 
complication, which could not be satisfactoidly solved witliout the 
ai<l of elaborate and most accurate maps* Moreover, I *»aw that 
tlie iin mediate vicinity of LeadviHe w^as a region of interse meta- 
mor|>hism or internal alteration of the rooks as well as of great com- 
plication of external structure, and wjieie, owing to the great acca- 
iimlatimi of dotrital material on the surface, but few actual uutcrojis 
could be seen; that it would be an almost endless labor todefermme 
accurately there the honzons of the fiedimentary beds, or the btriio 
turo of the eruptive masses; and that the key to these points 
must be sought near the crest of the range, wheie, in the great 
glacial amphitheatres, rock sections several thousand feet in thickness 
were exposed on every side. Owing to the great altitude of the 
region, however, it was not until the following summer that tins 
portion ecmld be explored* Meanwhile, with my assistant, I was 
ocoupicil in examining underground workings, and gathering all 
the data possible, without, however, getting more than an inkling 
of the actual facts, which a later field study of six short weeks in 
the Hiirrounding region made clear* 

These wore, that the ore deposits of Leadvilic occur either at 
the Hurfuce, or in bodies extending from the surface do%vnward into 
the imiHs of a bed of blue doloinitic limestone, about 150 to 200 
foot tu thickness, belonging geologically to the base of Oie Oar- 
l>()ntfcr(yiis group. Tins honaon it wan pOb.dble to reeogiiii^e unmis- 
takably in almost every instance, not only by its lithological charac- 
teriHti<‘p5, bat by thcBuceessionof b(*ds only 3bout400feet inthicknoss, 
which occur between it and the undi^ lying cry dallino schists aiidgran- 
ite of the Areiueam Seemd^ that the eruptive rocks, mainly por- 
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Wovk of this kind involves, it is true, a great deal of time and 
labor on the part of the mining engineer ; no report of any geological 
value can be dashed off after a visit of a day or two, unless the facts 
are ail known beforehand. Nor can generalizations of value be 
deduced from the examination of a single mine in a district But 
the large fees which mining companies are not unwilling to pay, 
in these days, justify considerable labor on the part of the mining 
engineer j and if bo wi&hes to take the first rank in his profession, 
it is necessary that he should do conscientious work. Let him avoid, 
however, the opposite extreme of expecting to produce, in his report, 
a universal theory of all ore deposits from observ'ations based on a. 
single district, since such hasty generalizations stamp him at once 
as untrustworthy or visionary* 

The class of deposits, of which those in Leadville may fairly be 
considered the type, is one, it is true, in which the structurnl rela* 
tions of the surrounding rooks play an exceptionally important part, 
but this very class, which is essentially notable rather for the quan'- 
tity than the quality of its ore, is destined, now that the West has 
been rendered somewhat more accessible by railroad, to become one 
of the most important producers. Up to within a few years, their 
value was scarcely known at all. Now that the prospector has be« 
come practically acquainted with them, they are more diligently 
sought for; and their extent is probably very great, since everyday 
brings report of fresh discoveries. Those of Lake Valley, New 
Mexico, so well described by Professor Sil liman in his paper just 
reacl,"^ are evidently an important group of these depositb; and it 
is interesting to note that while the iron vein material in the wet 
region of Leadville is a hydrous oxide of iron, in the arid moun- 
tains of New Mexico it is the anhydrous oxide of iron that forms 
the gangue of the silver and lead ores. 

Luring the time that I was occupied at Leadville, Mr. G. P 
Becker was making au exhaustive study of the famous Comstock 
Lode, — the great silver vein of the world. You are all of yon, 
doubtless, famiiEar with the previous monographs of Messrs Hague 
and King and of Mr. John A. Church upon the same region. Since 
their time the workings upon this vein have been carried to a depth 
of 3000 feet, and rapid advances have been made in the science of 
lithology. In few mining regions is there found such a variety of 
eruptive rocks as in the Washoe mining district; such extreme and 


* 8ce page 428. 
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universal altemtion of their original eoubtituents. It js nottsurpns- 
ingj therefore^ that Mr, Bo<‘ker has aruved at oiany oondusioos 
which (Jilfer essentially from those of his predoce'-sors. What these 
conclusions are I do not feel at liberty to stale, but they will be 
ioiind embodied in lus monograph, wbicli is shortly to appear. 

Hklr, Arnold Hague has made a most exhaustive geological study 
ot a distnctj tMcnty miles square, including the well-known silver 
mines of Euieka, in Nevada, which are only second ni import- 
ance as produce! s to those of the Comstock Lode. Mr. Hague's 
work has been a most important one for the general geology of the 
Eocky Mountain region, as well as for the paiticnlar district to 
which it ib confined. The study of the ore-deposits themselve^^ is 
now betag earned on by Mr. J H. Curtis 

Mr, King’s original plan contemplated the annual preparation of 
an ever-iuorcasmg number of such monographs as 1 have deseribt‘d 
of the more important mining distiicts of tiie countiy It also con- 
templated the annual appropriation by Congress of at least half a 
inillion of dollars for the use of the Survey, certainly not an unrea- 
sonable amount in eousideration of the immense aiul ever-increasing 
value of our mining industry The actual money value of the work 
lo the mining eomimmity can readily be appreciated by lunmig engi- 
neers, but Congress has not yet realized it, and may not for sometime; 
hence, our progress, necessarily alow in the coranicnccnient, will be 
rcncicretl more so by want of adequate funds, since with the present 
appropriations it is barely possible to keep up tho present scale of 
work, much less iiuirease its scope Time will correct thus, however, 
and in tlie meantime valuable asbistance can be rendered by mining 
engineers, who furnish papers to the Institute, in giving defante geo- 
!ogi(‘al information upon the metallic minchthey are called upon to 
examine. Th(* uumher of such papers, very small at first, has been 
steadily incieasing with the growth of the Institute, but tlieir nu- 
nunleal proportion Is still far below what the impoitance of the sub- 
]i‘et ricmundh. 

While the geological branch of mining engineering ocvopies a 
proinimmt place in the work of tho Surviy, the more technical 
biunches will l>y no means be noglectod. The monograph on Lead- 
viUe will be accompanied by an ehibonite discussion of the ]>roce8ses 
of lend smelting, as conducted there, by an able analyst, Mr, A, 
Uuyard, illustraled by working drawings of furnaces and all imple- 
mentH employed- 

For the (kuustock Mr. W, K. Kckart, the eminent mechanical en- 
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IS at’s\’ork upGn a report on its Mechanical Appliance^^i used 
m Mining and Milling f also to be illustrated with complete draw- 
ings of machinery^ and to contain a most valuable discu^sioo of tiie 
effective result of different systems^ founded on actual expeninents 
and theoretical calculations. 

Such papers, prepared by specialists best fitted for the particular 
work, should accompany every monographj whenever these is any 
particular process or mechanicai appliance in the district e-xamined 
of sufficient importance to justify the labor and ex])ense. 

An annual review of the economical condition ot mining industry, 
as deduced from accurate statistical information, is no doubt a le- 
gitimate and important branch of the work of the Survey, and in 
laying the foundation for this work we have been greatly assisted by 
the liberality of General Walker, the Superintendent of the Census 
The collection of mineral statistics for the Tenth Census was placed 
by him under the management of the Director of the Survey, and 
facilities thus afibrded for doing the work in a manner wiiich the 
funds of the Survey would not have admitted of. 

The valuable w^ork of Dr. Raymond had been so long bince dis- 
continued that the field to be examined was statistically unknown, 
and it was determined to collect the desired information by means 
of actual visit of trained collectors to every nunc, mill, or smelting 
work in the country, armed ^\ith the most exhaustive senes of ques- 
tions in regard to every phase of the work going on which our in- 
genuity could devise. We realized, in the commencement, that ab- 
solute or exhaustive accuracy could not be obtained, since for this 
would be required the very best mining engineers in the country 
as collectors, a universal willingness to give uiformation on the part 
of owners, and more time and money than was at our disposal. 
Neveitheless, so far as it was possible, we attained that accurucy, 
and the result has been the accumulation of a vast amount of tecb-i 
nical information, which is now being tabulated for discussion and 
generalization. 

The resulte‘are necessarily unequal, as depending upon two varying 
factors, the relative intelligence and indiifefry of collectors and the 
inherent difficulties of collecting, peculiar to each case or district. 
The deficiencies in our results are more noticeable in the statistics of 
production, which have already been published, since here absolute 
exhaustiveness is necessary, when m other bmnehes, such as rebitiv(^ 
costs of labor, power, average consumption of steam, fiiet, eto., 
perfections lu the returns from one or two mines in a distnut do 
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not mateiially impair the eorreotness of the averages ai rived at. 
Checks upon the syuthetio system in the case of production were 
fnrni'^hed hy express and Mint statistic^^ and other sources^ and addi- 
tional amounts thus obtained could, m some cases, be distributed 
among the districts to which they belonged, but, in general, vrere 
simply added to totals from States, The labor involved io this work 
has been not only very great, but, on account of its inquisitorial na-* 
turc, very annoying from the unwillingness shown, in, many cases in 
a not over-polite way, to answer om questions But I tliink the value 
of material obtained will amply repay the labor .-pent, especially If 
It is permitted to make the work permanent, so that the experience, 
gathered with so much weariijess m carrying on the work thus far, 
may not be entirely lost. 

Sliould the picfecut Congress grant the appropriation we have 
asked for for this work, it will be concliicted under a distinct head 
by a permanent set of em[)loy6s, who will annually visit the region 
assigned to each and gradually systctnatize the work, so that pro- 
dii(*tion statistics may be jmblished, it is hoped, within six months 
aflor the close of each fiscal year. This work ^vlU be materially ac- 
celerated by the e^jporience already gained. We uow know, as we 
did not fidly know before, the locations of all mines, and the names 
of their owners or managers, A groat deal of the work can be con- 
ducted by correspondence, and visits will be required only where 
important developments have been made since the last data were 
obtained, or new districts have been opened. 

Ov the matter of collecting these statistics the influence of the in- 
<livi(lual UKiuibcrs of the Institute can bo of the greate^st use to us, 
if they will take the trouble to explain to those mining men with 
whom they come m contact the practical value of the work, and 
pcrhuad(‘ them to answer our questions promptly and in a friendly 
spirit U often more labor to get information from one or two 
rehndaut uidividuals than from a whole dintrict or State. If the 
w<ndi iH comlnetod under these ’auspices, the assuraua^ that all infor- 
mation obtained will be held m strictly ooufideniial should be very 
great. 'The rej>ntation of the Survey would bo at stake m the first 
plac(^, and all its inemberH are forbidden by law from fiaving any 
personal interest whatever in my mining property of any kiiKh 

As supplements to the annual pruduction-buUetin it k intended 
to pUbH^li n scales of tccdmical papers on processes and incc^hafneul 
appliaiKX'B'itt mining, milling, and fuwclting, for which the volumi- 
nous dabuilroady gatfchered will aifotd a most inyaUmblo foundation 
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In conclusion, then> let me ask an indulgent judgment of our earlj^ 
work. It IS a comparatively easy matter to plan, but few succeed 
in keeping their work completely up to the standard which they set 
for themselves. At the same time we by no means wish to avoid 
criticism. Honest criticism, that is free from malice, may be of the 
greatest assistance to the earnest worker, and there is no doubt that, 
were this kind of criticism more frequent, there would be less slovenly 
scientific work done in America. 


THE i£2-jm?Ai BEGIONS OF SOVTSEEFT EEW MEXICO. 

BY B. SIBLIMASt, M.D , W A.8,, NEW HAVEN, CONN 

The regions of New Mexico refeire<l to are in Socorro, Grant, and 
Dona Ana counties, and a portion of Lincoln County, embiacing in 
the aggregate a very large area, of most of which our knowledge is 
as yet very fragmentary and superficial. It is only very recently 
that large portions of this region have been accessible. It has been 
full of danger from hostile bands of wandering Apaches, whose 
murderous raids Mve slain many adventurous miners and seriously 
prevented developments. But this evil has now been largely abated, 
and m many of the mining camps of this region there is no longer 
any danger from this cause. 


SOCOBBO MINES. 

About thiee and a half miles back of the old Mexican town of 
Socorro, on the Rio Grande, chief town of the county of Socono, 
are two or more large veins of heavy spar, cutting across the face of 
Socorro Mountain in a northeast and southwest direction, and dip- 
ping at an angle of about forty degrees into the body of the niountain. 
These veins are in rhyolite, and, so far as could be seen rn openings 
on the Torrence Mine, which I examined, are without any clay patt- 
ing or selvage. The average thickness of the Torrence vein may 
be about five feet, the thickness varying from pne or two feet to 
thirteen feet Upon the cleavage planes of the heavy spar oocu rs, 
in visible patches, of a waxy lustre and gray color, silver chloride, 
which gives value to the vein, from a few ounces up to one hundred 
and twenty ounces to the ton, averaging about forty ounces, as I 
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was informed, Asbociated with the heavy spar aie several minerals 
carrying vanadium, one of which, m small yellow hexagonal prisms, 
is a rmmetite containing vanadmm, which has been mistaken tor 
vanadinite. Farther research is required to determine the specific 
identity of the other associated minerals, which form no part of the 
economic value of these veins. The lowest explorations were, at the 
time of my visit (October, 1881), about two hundred feet on the 
slope of the vein, which was dry at that time. No stoping had 
then been done, and by measurement about three thousand tons of 
01 e were in sight. 

A ten-stamp mill, of excellent construction, stood on the edge of 
the Mesa, over the river, nearly ready for work, constructed under 
the direction of William M. Courtis, M.E,, who Itaa also developed 
the niiue. The whole expense of the mill and its appoinlraents, 
winch weic very complete, was stated at about $75,000, and the 
entire euterpribc was ii good example of legitimate mining. 

There were no fossils found by whiclj to determine the geological 
position of the Socorro Mountain, which is one of an cxtensivo sys* 
tern of eruptive rocks, which I traced to the base of the Magdalena 
Mountains, about Ihiity miles west of the Kio Grande and the town 
of Socorro. 


THE MAOHAEEKAS, 

In a bold range of this name, about thirty miles west of Socorro, 
is a range of mctamorpluc slates and limestones, with gneissic — prob- 
ably azoic — beds and quartzites, traversed abo by porpliyritic erup- 
tions, where T found a strongly marked mineral lode, carrying huge 
maswes of lead carbonate, of low grade in silver, averaging, proba- 
bly, 25 per cent of lead, and under ten ounces of silver. In a portion 
of this lode, known as the ‘^Juniata,” the ore-mu'^ exposed was fully 
forty feet in ihicknesB, at a point about sixty feet from the surface, 
and the total thickness of tins great chamber was not less than sixty 
to sixty-five feet, as was shown by a drift driven in fully twenty feet 
beyond tlie workings in ore. At the end of this drift is a flucean-like 
niaBH, two to two and a half feet thick, which appears to be the 
walk The containing- walla are fissile slates on the west, and 
a quartzose porphyry on the east. The vein in nearly vertical. 
Within the walls is avast mass of decomposed material, impregnated 
with lead carbonates of every shade of color, from white to yellow- 
brown, with iron-stained and violet Hthomarge. Probably one-half 
the Wliole mass is waste material. Mr. E. W, Eaton, of Socorro, 
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who worked this mine, assured me it required four tons t>f the 
ore to produce one of bullion. One million pounds of this bullion, 
produced on the ground and sold in St Louis, assayed ‘twenty-three 
ounces of silver, or about; six ounces per ton of are- while the assay 
called for eight to ten ounces. Piilon charcoal was used in the 
snlelting, and twenty-three bushels of coal, costing seventeen cents 
each, were consumed to the ton of oie smelted. Nineteen cubic feet 
of the 01 e was-found to equal two tons, or nine cubic feet to the ton 
in place. As this ore body is likely soon to be brought into close 
connection by rail with the system of the Atchison, Topeka, and 
Santa Fe Railroad, and with cheap coke at Socorro, from coal mines 
lately opened on the east bank of the Rio Grande, near Socorro, it 
is likely to become an important factor in the metalltirgical opera- 
tions for which Socorro offers a convenient centre. 

Other portions of this vein, which I saw about a mile and a half 
to the south, on the ImpenaL’ location, where it has been opened 
by a shaft sunk in the ore-body, about eighty feet deep, were heavily 
charged with zincblende. The total explored length of this vein is 
about two miles. Beautiful green and blue calamine are found 
among the surface ores along the “ Kelly location, north of the J uni- 
ata, and cryptocryfetalline anglesite, inclosing galena, was observed at 
the same surface openings. While much of the ore on this gigantic 
mineral lode is of low grade, its position favors exploration by 
tunnel on the coarse of the vein at several points, with the prolm- 
bility of the discovery of other large ore-bodies like that noticed in 
the Juniata. It waits the advent of cheaper transportation and fuel. 

Of the mineral region immediately west of the Magdaleuas I saw 
only some hand samples of ores, chiefly of lead, But among them 
was an ore from the “ Sophia,” a small vein of heavy spar, currying 
extremely rich copper-silver glance, corresponding closely to the 
species stromeyerite. But as I did not visit the locality I can say 
no more of it. 

The magnetic variation of this district was, in October, 1881, 
ir 45^ E., as given me by Mr. E G, Shields, C.E. 

The mountain ranges follow the general northeast and southwest 
course common to the region. South of Socorro, on the west side of 
the Rio Grande, are the Negretta or Black Range, the Miinbres, the 
Burros and Mogallones Mountains, of which something more remains 
to be said; while on the east side of the Rio Grande, in Lincoln 
Gounty, are the Oscuras Mountains, probably of Permian age; the 
Organ Moontams, the NogaL, and the Sierra Blanco m Wliite 
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Kang'e of the Mescalaro Apache Reservation^ a-nd Fort Stanton^ a 
portion of \^!Hch I visited 

The Oscuras Pekmian Coffer Bebs. 

Ill the Oseuras Mountains exist considerable deposits of copper 
glance, azunto, aud malachite, carrying aUo a little silver and gold 
ill Ji silieioua conglomerate, fonning parts of the conforniabie beds 
in a considerably e\tended area of Permian rocks. The copper ores 
are largely found about the organic remains of fossil wood and va- 
rious small plants, transformed into copper casts of the original 
structure, frequently letaiuiiig traces of the carbonaceous material. 
The most important copper-hearing beds are capped by a strong 
quartzose or granitic conglomerate, above wbiclx are bods of sand- 
stone and red marls ^ beneath are other conglomerates, clays, and 
dolomitic lime rock 1 was unable, from want of time, to make any 
exploration of these interesting beds, so closely resembling thosp oi 
Russia, wliorc they have been so fruitful a source of copper for manv 
years lJut I succeeded in securing the services of Dr. M, (i. R. Fit/r-** 
gaertner, at that time in Santa Fe, to go diAvn theie in the interest of 
tlicownf'r^. Dr Fitzgaertneris report is before me, and from his state- 
imails it, appears t liosc copper-bearing beds carry from 10 or 12 per cent, 
to do per cent, oi copper^ with a little gold (one-fourth ounce to one and 
a hal f ounces) and a lew ounces of si I ver. The copper scams vary from 
a few inches to two or three feet in thick ness, and they have a dip to 
the south from near the horizontal to 45®, the cop per- bearing sf^ams 
being a series of four; of which the strongest is immediately beneath 
the granitic conglomerate. These beds are about fifty miles below 
Socorro, near the wagon road to White Oak Mines, to the soutlir^ 
fmm which they are lUstant about forty miles. Good coal exists, 
near the Oncuras, on the east bank of the Rio Grande, and has 
been developed by the Atchison^ Ibpcka, and Santa Fe Com- 
pany with a brunch road and coke ovcuh, as J am informed by one 
of tlie oilkvrH of that road. Water is very scarce at surface. 

i ma<lc also a careful examination of a rnucli-ciicd deposit of vjt- 
reouH copper, near Fort Stanton, in the Mescalaro Apache country. 
The ore of this locality is us fine as possible, but it exists only iu trt- 
fiing quantity, and with no evidence ofaiutumily. There is no vciti^ 
aiul it d<jes not occur even in a bed. So there was no reward for a 
toilhomc journey ov<ir a desolate region, hut to counsel the total aban- 
donment of iurther exploration. 
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Yery different wag the result of observations made in Dona Ana 
County, on the west side of the Rio Grande, the next legion of my 
observation. This requires a much moie extended notice 


The Lake Y alley, or Sierra^ Mines, 

The Lake Yaliey mines are in the county of Dona Ana, New 
Mexico, near the point where Grant and Socorio corner upon it, 
lines establibhed by a recent decision of the Territorial legislature. 

LAKE VALLEY. 

Lake Valley is a name appropriately given to a secluded valley, 
siuTountled by the foot-hills of the Mimbres or Negretta Mountams, 
in the upper angle of which 5s a small lake, hidden from view by 
aquatic plants, aud vo<‘al with w^aterfowl. This lake evidently once 
covered a considerable portion of the adjacent valley, the level sur- 
face of which everywhere yields water by shallow welk. The water 
for the miil is supplieil from the lake, or from a well fed by its 
waters. 


APPROACH AND POSITION. 

The approach to the Lake Valley mines is by the Atchison, To- 
peka, and Santa Fe Railroad from Nutt Station, which is 1105 miles 
from Kansas City, about 450 miles from Pueblo, 266 miles south 
of Sante Fe, and 104 miles from the old Spanish city of Soeono, 
now last becoming the point of important muung iiidustjy, since 
the above railroad has supplied and is supplying transportation for 
the ores of silver, lead, copper, etc., and also for the coal of the near 
neighborhood. Fiom Nutt to Lake Valley is a pleasant drive of 
about twelve miles, over an open countiy, by as tine a natuial road 
as exists any where, with gentle asccudiug grade, and at a pace which 
easily places the traveller there in two Iiouis trom the rudroad to the 
mining camp, which is, by aneroid, about 5700 feet above tide. 

No raining region in this country is more agreeably sitnated, or 
more easily approached, than that of Lake Vnlloy. Here no winter 
snows or severe cold interfere with travel, or with continuous and 
profitable labor. It is, essentially, a diy region, but alreucly water 
has been reached in mining, and the water from the lake has also 
been brought in by a Ime of iron pipe. 
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SURFACE APPEARANCES. 

Enteinig Lake Valley by tbe road from Nutt Station, nothing is 
visible of human occupation, until a sudden turn to the right opens 
through a sag in the hill a view of a broad surface, dotted over with 
what appear lo t'e piles of iron ore, scattered over a considerable 
area. 

The extent of mining ground, covered by the united claims of the 
iitet'rci Plata, Grande, Siei'ra U^la, and Sierra, Apache mining 
companies, is a compaot baly of about 350 acres, over the whole of 
which ex [deration has been rewarded at numerous points by the dis- 
covery of mU'cr ore in greater or less abundance. This area is nearly 
a mile long on the diagonal from north tosoutli, and about half a 
mile in the opjiosite direction. It is bounded by the edges of a 
valley of ('rosiou on the east and west, by a lull of rhyolite or pro- 
pylife, on tlie, smith, rising nifber sharjdy from the point of greatest 
depre&,''ioii in the Grande and Plaict claims, while to the noifh the 
descent is rather abrupt from the borders of the Apache company’s 
locations to the level of Lake Valley beyond. Within this area there 
is considerable diversity of surface. 

The lowest and most level part of the property is where the more 
impoilnnt developments of rich ore had been made, when I saw 
the property in October, 1881. This was true, especially on the 
Statifm and Lincoln claims, portions of the P/afa and Grande 
gromuls. 

T’o the north and west of these claims, the ground rises rather rap- 
idly, and upon the upper edges of the Columbia, Striebi/, etc,, reaches 
an elevation of probably 250 to 300 feet. From this western ridge 
the ground falls to the east, where a shallow, longitudinal valley 
divide the pi'oi»rty into two pretty nearly e^ual portions, as ingy 
bo Kccii by a glance at the map and plans of the several claims. 

Early in the history of this projicrty, considerable work was done 
ujwui tlio (Jolimbia and Striebp claims of the Si/nm Bella, and the 
Kohinoor and Or&nceni clairus of the Sierra Apache. Indeed, it was 
from the Qihmbia shaft that the first surprising masses of solid 
chloride of silver were taken, that were cut out by a hand-saw. 
A hhipmentof ore from the Oolmabia shaft, made by former owners, 
gave returns from over fifty tons of ore, of about 500 ounces per ton, 
and of this lot 5 tons carried 3600 ounces of silver to the ton. This 
iufbnnation I obtained from the former owners. 
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THE GEOLOGICAL HOEIZOX* 

The geological horizon of the Sierra mines is at the base of the 
Carboniferous The fossils, which I collected thei^e, have been ex- 
amined by Mi\ Arnold Hague, of the United States Geological Sur- 
vey, and formerly of the 40th Parallel Survey. He says ; Your 
collection of fossils interested me very much, and pioves to be an 
important one fmm a gcologic^al standpoint, as they are a horizon at 
the base of the Caibmiheroiis, and not far above the Devonian, al- 
though, a '5 3 "et, no Devonian fossils ha^’e been found immediately 
below them. . . This gioiiping of fo«sils bears a very dose rosem- 
blance to several made m the Wah»atch and the ranges of Ulah 
from the Wahsatoh limestone. Below this gioup, which is regarded 
as coiresponding to the Waver ly, nothing which is characteristic 
has been found. . . . So far as I know, this grouping has ne^er 
before been recognized east of the Wah&atch Range/^ . , . 

The basement roek^ laid bare by the era^sion of the upper beds, at 
Lake Valley, is a heavy-bedded gray or blue non-fossiliferous lime- 
stone, in and beneath w Inch the 'r.ilver ores arc foiuul- Above it are 
piled thin-bedded, shaiy Hmeroeks, full of fossils, and bearing no 
metallic ores, so far as known ^ These upper fossiliferous beds have 
been extensively worn away by eiosion, especially over the southern 
portion of the area, covered by the claims of the Sierra Gi ancle and 
Sierra Plata companies, exposing the heavy basement Hmeroeks, 
which here show frequent seams and ciacks, filled with a dark 
brown — almost black — mineral, breaking with a bright-red streak 


Note, Julv, 1882 — It was these beds which fnrnihUed all the fosailb jseco hy 
Mr Hague. Piofebsor Cope subsequently made another senreb, and iound some 
new sponos oi isoophUes; and ci molds, but notluag which chauges the geological 
lioiiison, as mdieated m the text 

Note, jW^vember, 1882 — Professor Cope, on aLithoritr of Dr C. A. first 

reterred the Lake Valley fossils which he had received from the late Oeorge Daly, 
to the MidiUe Cai boiuterous (Aineucan Natarahst, August, 188X), and later con- 
firmed this reference after colkctnig cm the ground. (American Katumllfit, October, 
1S81.) Mr S A. Miller, m Deeembei, 1881, gives a descaptiou of these fossils, 
and locates them in the Carboiuferous 

Ml. Hague ami Mr* Walcott, who is an authority in paleontology, in January, 
1882, referred my collection, which I had put into Mr. Hague’s hands for the pur- 
pose oi deteimmation, to the Lower Caiboniferous 1 had supposed they might be 
Devon uu, but my opinion on paUeontology not entitled to much weight. This 
Eitateuient ot Prolc'^sor Cope’s earlioi lecognition of the Lake Valley fossils as Cai- 
bomferous, is due to him mi the score of priority. 'See correspondence in Engineer- 
ing and Mining Joiiriml, October 21, 1882, p 214.—B. S. 
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or powder. The and boulders, resulting froiu the breaking- 

up of the upper nieusiues, have lodged over, and coveieJ portions of 
the lower rocks. These loose mateiials have been penetrated bv 
some ot the shafts, before reaching the metalliferous zone. This red 
ore is hematite iron ore (specular iron), cuirying here almost always 
nioie or less silver us chloride. These dark seams somewhat re- 
semble pitch, or asphaltiini, and’ i>othincj; could be more deceptive^ 
or Icsh promising of value for silver. No wonder it was long over- 
looked, 

DIP OF THE STRATA. 

The dip of tlio beds of this group of rocks Is to the east The 
angle of <!ip is clearly seen, both in the Columbia shaft, and more 
recently, on a considerably raoie extensive scale, in the Strieby shaft, 
where it falls gradually from about 30^ near surface, until at the 
<teptli of a)>oCit 180 feet, where water has temporarily arrested explo- 
ration, it is quite flat, not more tliaii or 12°. The silver-bear- 
ing vein has for its cover or hanging wall tins regular bed of lime w'th 
a smooth olay-like parting so far as followed. The significance of the 
fossiliferous beds here described will be midily appret^iated, and the 
im|)ortani key they afford in future exploration has a forcible illus- 
tration in the exploration of the deep shaft on the ^‘Hopeful of 
which more detailed mention is made m the postscript to this article, 

MtNEU\LOa|DAD OITAUAOTEU OF THE I.AKK YAUMY ORES, 

It will be anderslood, from what has already been said, that the 
chief on‘s at these mines arc silver chlorides and silver-lead carbon- 
assoiuatiHl with spctnilar or red hematite iron ore, and a certain 
amount of galoiui and niunguneso ores. The silicicms ores carry eni- 
bolite, and some of them are rich in silver chloride and lead carbon- 
ates, with small quantities of vauaduiitc, and native silver. Gold is 
ahsent, unless in the most insignificant traces, SulphuretH are almost 
compl(*tely alisent, galena being nearly the only exception,^ This 
lead orc^ is frequently seen m small particles among the Iea<l carbon- 
ates, and, occasionally, masses of many pounds weight arc found, 
which have escaped the general deco^iposition whicli hae converted 


The exr«t)tion here uUtidcHl to m the pyrite foand in the rhyolite or propylite 
m tfwn in the deeper explurationa. 
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this species into carbonate of lead.*^ The assay of a fine granular 
mass of this galena, neaifiy pure, showed 117 88 ounces of silver. 

ENITMEEATION OF SPECIES. 

The enunieration of the species of minerals, at present found at 
Lake Valley, laekides the following, ; 

Metals (1), 

cf, metallic slher (in trifling quantity). 

6, chloride of silver, horn silver, or kerargyrite. 

0 , embolilAj cliJoio-iiromide of silver, 

d, silver-beaiing lead, bodi carbonate and sulphides. 

( 2 ) , Lead^ 

а, galena, and carbonate of lead, both rich in silver. 

б, V anadinite, or vanadate of lead, of a light yellowish color, in 

minute hexagonal pribnas, and without arsenic. 

( 3 ) , Iron, 

Specular, or red hematite, and brown iron ore j the former most 
abundant and the chief gangue or associate of the silver 
chlorides. Both are highly valuable as fluxes in smelting 
the ores, 

(4), Manganese, 

Pyrolusite, manganite, wad, or psilonielane. 

]N'on-3ietallic Minerals, 

(1), Quart'z, 

As the gangue of ernbohte, and in places the cap-rock of the 
ore-body ; varieties, flint and chert Also, in small quan- 
tity, drusy crystals of quartz:, with vanadinite, 

( 2 ), Carbonate of Lime, 

Chiefly as gray limestone, being the heavy-bedded capping to 
the ore-body, but found also coating silver chlorides in the 
masses of ore, and, likewise, as crystallized calcite. 

^ It )s not to aay -what has become of the snlphunc acid, equivalent to the 
siilplmr of the lead eidphides (now enrbouates) No angle^ite exists, and no gyp- 
sum, as might most reasonably be expected. 
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( 3 ) , Anherite, 

Or liine^ iroiu uiauganesc carbonate. 

( 4 ) , Apatite^ 

Or phosphate of lime (rare). 

Exploration will probably bring to light other species, but I saw 
no others in my inspection of the mines. The result is surprising 
from its simplicity, and the absence of offensive smelting mineraiSt 
like zinc, arsenic, antimony, 010 ."^ 


CR<Un*mGS <*)F OHEFiTY QUARTZ, AND IKON AND MANGANESE 

OXIDES. 

A ^"apping of cornj^act flinty quartz takes tim pki^e of the abovo- 
inentioncd heavy-bedded limeroedv, covering the silver- bearing iron 
ore in the same manner as does the limcrock. This sibkaous cap- 
ping iuiglit very properly be called ‘S^ein stone,^^ as it carries ii vaU 
uable qmintit}^' of silver in the form orembolite, or chlorobromide 
of silvtT, tljc greenish color (yellowish gr<?en) of this ore being quite 
evident to the nunenilogicul eye. It is a milling ore, often quite 
rich ifi silver. Tlic seams of iron ore in the limestone, as above de- 
s(U’i bed, often lead iutii large bodice of rich silver ore, when followed 
by mining explorations, over which the heavy-bedded limerocks form 
u capi>ing. These ore-bodies vary very much in extent, depth, and 
thickncHS. Tlie largest body of this kind, explored at the time of 
my visit, was that reached by what was known as the Joint Shaft/^ 
between the P/nta and Grande companies^ ground, on liic line be- 
tvveiui the Simiton an<l Lincoln claims. 

The e.haracter of tluise very rich ores is absence of any silicious 
garigu(\ the wliole mass being a loosely aggregated congeries of crys- 
tals of silver chloride (horn silver) with carbonate of lead, the whole, 
mass stained <leeply throughout with red iron oxides (hematite), and 
mon^ rarely hlueJi with manganese oxides. It is a splendid .smelt- 
ing on*, but far loo rich for milling. Only the lower gnuies of cherty 
and ferruginous ores, under 100 ouite(‘s to the ton, will be prop(M' 
material for the mill. 


Although JO }ui,tiai''a‘uil coittpmmdM M'cro detected the Lake Valley 

anaerah, soiae forrj of aianaony exists in minute quantity, wmee the silver han-j 
uuiforndy eontnin a minute trace of Ihia i«olal,denv(jd probably rrom the oxidi^d 
oreH in amatginnaiain, 
voc V. » 
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Assays of the Ores 
Chcity Croppings, 

1 cite the following assays made at the mmesj October ISth, 1881, 
on cherty samples taken by me from the west dn ft of ’v^est cut near 
the surface * 

Clieit with embf>hte, silver per ton, 240 ounces 
Mint ^\lth emhohte, silver pei ton, X86 ounces 

Otliei samples of silioioos cioppings from the same cuts, with native 
silver, lead carbonates, and embolite, gave me respectively 490 ounces, 
1460 oiiiiceft., and 1^4 ounces of silver to the ton. 

IioL ore, With embolite, taken 500 feet from noitheast corner of 
Stanton claim of Siam Plata at surface, gave me 400 ounces silver 
to the ton 

Every sort of mineral in tho'se eroppmgs gave sil\er on assay* A 
mass of biillmni erystaLs of pyrolnsite (manganese ore), gave me 45 
ounces of silver pci ton, and pieces of croppings, believed barren/^ 
gave fioni 9 ounces upward. 

0) es Mwh in Lead and Sih e)\ 

1. A sample sack, taken from the dnmpof oie extracted fiorn shafts 
3 an<l 4, being a very fenuginoiis ore mixed with carbonate of lead, 
yieliled, lead 32 4 per cent , and silver 129.42 ounces p^r ton. 

2 A sample sack taken from the bottom of tlie south drift west 
shaft, gave, l^ad 19 2 per cent , and silver 281 33 ounces per ton ; 
this was somewhat silicious. 

3. Caiboaate ore, selected dump, slightly silicJous, from east diift, 
gave 28 per cent of lead, 415 62 ounces of silvci. 

4 A sample sack of rich chloride and ferruginous ore, with man- 
ganese, taken from face of the east drift of the Joint RhafV^ of 
Plata ami Qraade^ gave, lead 20 percent, silver 10,289 69 ounces 

In all these samples, the lead is sufficient in <i|uantity to bring the 
ores within the smelting cla'^Stficatiou of lead ores, the lead iKung 
almost entirely as carbonate, derived, beyond doubt, from the trans- 
formation of galena. 

Working Tfsts. 

Mc^sisi Mathey and Riottc, of the New York Metallurgic^al Works, 
have kindly supplied me with the resuita of nnlling some Iota of the 
Sieiva mines ores, forwarded to them fi om the mines at the time of 
my visit. These tests were made by free milling amalgamati<m, 
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both with and without the use of chemicals. These results are as 

tolIoUS^ VIZ - 

Per cent 


Ore fioni *SV’//a (htwde, without chetmcals, j-ieldod . 
Oie iiotii *S'ic/)r< (hnndr’j NVitli (Benue ils, Melded 
Oie funn Sinia Plata, without chemicals, yielded 
Oie fioni San JO Plata, with chetxiiculb, yielded 
Oie horn PcHa,^ wuhout chemicals, yielded 

Ore I’loiu Belh, with chemicals, yielded . 


7^1 

76 

54 

76 

57 

m 


Op the Trb::atment ob"' the Orics from the Sierra Mines, 

These 01 es may in one sense all bo piT>])erly called free milling 
oresj but practically they divide themselves into two groups, 

VIZ. : 

1. Smelting ores. 

2. Milling oies 

To Uic first group belong all the rich silver lead ore% carrying 20 
to 30 per cent, of load as carbonates, and from 100 ounces oi silvan* 
to ! 0,000 ounces, and even more than this. Lead is all lost in 
milling, but in the Hiuelting oes it is paid for by smelters, if present 
up to the limit of 20 p(*r cent. The eoinbinatioii of (uts in the 
/Sierra mines makes the best smelting mix tine possible for rapid and 
eoonomi(‘Hl work, without loss — no zinc, copper or arbcnio, antimony 
only in feeble tniecb, and little silica, while iron, mauganobe, and 
lime, act as fluxes. 

The best milling results possible on these ores involve a loss of 
from 25 to 40 per cent, in silver value, while (he smelter pays for 
Hie entire silver value, lem tlireo oiinees; and schedule price oi' 
$20 per ton for smelting, forms a small item in the returns, on ores 
of many hundred ounces of silver value. The few milling ti^sts 
al)ave cited sustain' this statement as far as they go. Kven on ori\b 
of !(H) oufM'CS value, smelter^s charges, less freiglit, are less tlian the 
milling 1 ohs<‘.s. Experience at Silver Cbfi' and elsowliere has shown 
tluit nmugatulerouH ores w'hich carry silver, pass through tlurmil! 
wit limit amalgamating, and the silver value is found in the tad- 
ingH, 

The milling ores of the second class will, therefore, in this case, 
embrace, properly speaking, only the silicious ores, and some of the 
ferruginous ores carrying (chloride and chlorobromide of silver The 

^ B'mni tlic Odumbta diiiui, very fvrrugniouB orus, full ot clilorlde of Bilvci aiul 
m Icial. 
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ohtifty ores paHieiikily, are luisaitefl for smelting, and must be 
ti’ftaied !»'• siiiili except ^^hcre ihby coataui^ soino of thena do^ 
5 ji1y6i lo tiki? extent ot .'several hundred ounces. 

Smelting Facilities. 

For immediate the Pneblo Smelting Works of Me«-vs. 

Mather &Gofer, the works of the Boston and Coiouido Snudting 
Company, at AigOj neir Denver^ and the ^^olks at Omaha and 
Leadville,offei eveiy facility, with the advantage of competing rate^.. 
Foi the futiiic it is (juite possible that smelting works on u consul™ 
erable scale may be erected at Socorro, wheiu many ciicnmstsuices 
appear to point to a prosperous development in the smelter's art, 

Oe tub -Katupk am» Probable Origin of tbb Lake Valley 

Silver Ores. 

From what has gone before, it will be anderstood that the I^ake 
Valley mines belong in die same category with tlie Leadville, and 
probal)ly the Eureka and other deposits in the older limestone forma- 
tions, and that they are not fissure veins* That those deposits may 
equal in value and peinianence any other form of silver deposit, 
cannot be denied, in view of mining experience of a like nature the 
world over The opinion is well-nigh luiivcibal in favor of a 
fissure vein for permanence, but the history of mining adventm‘('s 
is full of examples of the fact, alas ^ so common, that while the 
vein remains, the character -of Hamlet has been left out of fhc play 1 
What proportion, for example, of all the vast area in extent and in 
depth, which the last twenty odd years have opened upon the Corn- 
stock, has proved 01 e-bean ng? The bonanzas, as seen m a projection 
of that famous fissure, have been the rare exception 

At Lake Valley the ores are of exceptionally high tenure in silver, 
and, compared with Lcadville, Eureka, and Little Cottonwood, are 
Jovv m leach 

In the simplicity of their mineralogy and metallurgy, the Lake 
Valley ores, as already remarked, are also exceptionah It remains to 
be seen if, on deeper exploration, these conditions remain unchangCNih 

The absence of hydrated species is remarkable. The iron exists 
ehicfiy as specular iron, and the same is true of the manganese* This 
kot indicates the probable existence of a temperature adequate to 
pu^f\cnt the existence of iimonite or hydrous peroxide of iron. This 
temporatui’e might be supplied by superheated vapor of water, 
e*>oapiiig with other healed gases, from the deep. The chief interest 
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i>f’ fc»uoh a s'pociilation in this cdisc is tho probabiiity ituplicd^ that Wf^ 
niiiy look deeper for oie itlKsufc toiioliing botrom. 

The oiii^in of the silver is probably coiiaocted with the iKKliea of 
tniehvtic rock, propvhte, rhyolite^ etc., which exist as eiuptivexKiassCb 
aiul dykes in this rea^ioii. As yet the exploiutions have only par- 
liully developed the extent and position of these oniptivo rocks, 
it ib probabi}' fioiii them tiiat tlie silver has been derived. Anti the 
&11IUC <‘l»emu‘al ajj^oiuy winch ha&thssohetl the silver from its fornuT 
(*onthtion lu these has set fiee the silica, now found in Ihe cheity 
hu;{)pm^s, and the iron and manganese oies n^«ot:iale(l with them 

These olici tv cioppmos are puticularly sUongly developed. On 
the liigh ground of tlie Apache, s<nne oOQ feet iibove the rich oics of 
the PLUa and Grande, t)i of the Siena Bella, associated with the 
A| Kiehe cioppings, fuanaanU<‘ occurs ahundantly, and some veiy rich 
silver chlorules. But as yet alinosi notliuig has been done toward the 
development of this most considcrahle body of elevated mioeral 
ground. 

PosTS<niii>T, July, 1882 

The writer made a second visit to the Sierra Mines in June last, 
and tbund Bome impoitant ciiangcs in the interval since Ins former 
VlslL VIZ. * 

Tub Mill. 

A veiy c'om|)!ele and welhconstrnclcd silver mill, of 20 stamps, 
with space and power for 40, has been constructed, and was jiiit in 
succ^i'ssful operation during the month ofJnue, It is provided with 
Ih© tuwv system of continuous discharge, devised by Mr Boss, of San 
Framis<‘ 0 , dcsjVood to save the labor of handling the pulp from the 
hiuksi to the mn.dgamatiug pans. This system is said to have worked 
\vell ui oth(T cases where it has beiai tried, am! it eertaluly has the 
merit ofsirnpHi'iCy and CH*ononiy. 

d'he wiUta* for the supply of thin mill, is laid on by a hoc oi‘ 
wrong htri roll \n\>e from the pump station near lln^ hike, about three' 
milas distant 

Kor Urn aeUrd (mtput of Ibis mill, and the loss of silver lu the 
tailings, we must wait the ix^ults of i^xperience, 

iN’inV I)KVKU>i^MtL\TH ON TIIM BlOf^LA, AND ON THE PLVI’A 
AND (BhNDK GeoUND- 

Our present concern in duefly with the developments on the mc- 
bodivB by exploratiouH in depth. Of these, tlicre are two or iluec 
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which areof special interest, from the light they shed upon the whole 
d {Strict 

(1 ) On the “Bella/' the olaira called the “Strieby'' has been 
opened by a shaft sunk on the dip of the ore-body, which has at this 
point an angle of about 30"^ S, E. The hanging wall has a smooth 
and continuous contact surface, with a clay parting above tlie 
orC'body, which has a thickness of about five feet of mixed carbon- 
ates of lead, with silver chloride stained deep-brown by iron-man- 
ganese oxides , the average assay value of which has been over 100 
ounces per ton The dip of this ore-body has gradually flattened, 
until at about 180 feet on the slope, where water has for the present 
arrested farther progress in sinking, its inclination is not more than 
12® or 15® The underlying, or foot-wall, of limestone, of this 
ore-channel is less well defined than the upper wall. It exposes 
near the bottom and in the drifts a compact rhyolite, well sprinkled 
with minute crystals of pjrite. The imjxirtant relation of these 
intruded porphyrilic masses to the silver deposits has already been 
mentioned, and need not be elaborated here* 

This important exploration has exposed a body of ores variously 
efltimated at from 12,000 to 15,000 tons, and has indicated the position 
for a downright shaft, whioli is to be sunk immediately, for the fur- 
ther pioseeutioo of the work, the uiiwatering of the ore ground, and 
the economical hoisting of the ore to the surface* 

Ninety-eight assays m April, May, and June, 1882, taken from 
the daily workings in sinking the Strieby shaft and driftings 
an average of 110| ounces of silver par ton* 

(2.) Another similar exploration has been canimenced near the 
southwestern limit of the Plata and Grande ground, Herea cross-cut 
passes through about twenty-five feet of ore, black with manganese 
and iron, but %vell charged with silver chlorides, and cutting tlie un- 
derlying limerock A shaft, sunk downright in this black ore mass, 
at the depth of about 30 feet, struck the same underlying limerock, 
and is now smkuig at an angle of about 70® in the ore-body. The 
strike of this ore-body is the same as that xn tlie Bella (8. E* or N. 
W ), but from its position being too far to the west of the Strieby abaft, 
it can hardly be the same ore-body, and it is yet ,too soon to say with 
certainty that it will repeat the experience of the Strieby, but such 
is its present appearance. New masses of extremely rich chloride of 
silver have also been developed by recent explorations on the Lincoln 
mid Stanton claims, and it is said xn large quantity. 

Prom these explorations it appears, so far as now seen, that there 
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are probably three distinct zones of ore-bearing ground^ y \ z .^ tho&o 
on the Plata and Grande, that already described as seen in the Sti sehy 
shaft, and, lastly, that laid open by the so-called Columbia shaft, 
wliich is in advance of the Striebj, to the southeast, and where the 
first rich ores were extracted bv the former ownerb. The value and 
necessity of conttmied exploration are thus clearly shown. And this 
obvious truth has lately received a most important eoufirmalion, as 
the result of a well-directed and intelligent work, which was already 
in progress last autumn, hut which has only very recently come to a 
suGoessful issue. I allude to the work undertaken by other parties, 
beyond the limits of ownership of the “Sierra” companieb; upon 
ground, known as the “Hopeful ” \l^!. ; 

The HopefuIw Shaft* 

Rising easterly over the dividing ridge of the valley, in which are 
found the basset edges of the fossiliferous beds already described, we 
find the “ Hopeful ” location, distant about 2000 to 2500 feet from 
the Sirieby shaft, with a gentle surface slope to the southeabt, near the 
south west ati g!e of this locatian. Mr. H. H. Sawyer aud Ins associates 
eonimcm^cd last autumn a downright shaft, expecting to eat the ore- 
body of the Columbia in depth. It was a bold undertaking, consid- 
ering how little was their knovvu of the nature and extent of thelAike 
Valley ore-deposita, and naturally was regarded with much incredulity 
by all to whom the general structure of the region was an enigma. The 
rcf^uU, so far, has well vindicated the intoUigenee which inspired the 
niidertaking. After sinking for more than one hundred feet through 
barren non Joss ihferous limestone beds, the beds of the Lower Car- 
bonilenmssludy limc.stoiics, full ofthe same fossils, already mentioned 
as overlying die ore-bodies, were cut and passed through; next fol- 
lowed the U<‘iu v-bedded liinostone, overlying the “iron cap,” which 
marks the hori/.on of the ore* At the depth of 155 feet u strong flow 
of wat(‘r arrested sinking, until a pump and hoisting apparatu.4 can 
bo put in place. This shaft [lussed through three feet (d' this femi- 
giitoiis cixpjn'ng, (rom which, aa I aiu informed by Mr, Hawyer, 
assays of 2 to 20 ounces of silver are obtained. This very interest- 
ing result nppeurs definitely to settle the question of continuity in 
exhuit 4 ind depth of tlie bake Valley orc-^bodies, at least for tlmt 
portion of the area thus explored. It remains now to bo doteriuinedi 
by further prosecution of the same exploration: Ist. If the “ iron 
cap” Ihtc cut covers a similar ore-mass to those already found 
near surfa^^e on the Plata and Grande ami Bella ; 2d* If the indiea- 
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tjons of a snocest^ion of like orc-mas?es ovefning each othui ib 
verified, bOfh as D0\^ appear to exist near sin lace as three distinoi 
Kones The interest and importance of the solution of this queNtioii 
aie ‘‘elf-evident But as it now stands, the result ^IreacW attained 
cannot fail to stimulate si mi iai exploration^, both within the Siena 
Mines’^ area' 3 , and upon the ^‘Ontfcide Claims^" Already a large 
area of '.in face is covered, ebpcciallv to the southeast, by such niiiiuig 
location^', upon ^^hich at this time do %vork has been done. 

So far as exploration has gone no faults nor dislocations have 
been dwtovered in the Lake Valley region, but it can hardly be 
expected that suck disturbances will not be enoouiitered, probably 
not to the same extent as at Leadville, since the whole area surround- 
ing Lalse Valiev is formed from the lower foot-hills of the Mimores 
and Black Ranges, and has not felt the stiess of a great upheaval 
of Qigjotral niouDtam masses, which have thrown the strata at Lead- 
\dfe into such complicated foldings and faultings, with an elevation 
of over 10,000 feet. Compared to the Leadville region, Lake Val- 
ley H an area remarkably free from such disturbances. 

As J^ake Valley, especially the areas of the Sierra Mines, is at sur- 
face a urv region, quite devoid of surface water, it is an interasting 
fact that an ample flow of water should be found at so moderate a 
(3epth as that now reached (155 feet) in the Hopeful shaft, where 180 
buckets per hour did httle to lower the level of the water in the shaft. 
The value of such a water supply in a dry region is considerable, but 
us Significance as an evidence of extended areas of drainage, and in- 
ieieiitially of ore-ground also, is of more irnportaiice yet. 

1 1 1 emains yet to speak, very briefly, of some other regions of South- 
ern New Mexico, and especially of the Negretta or Black Range. 

The Black Ra2?ge, 

This mountain range is on the west side of the Rio Grande, about 
fiftv^miles from that stream, and it extends southwardly from a point 
ncaily opposite Socorro across Socorro County, and into the adjoining 
county of Grant, at least one hundred miles. No good map of this 
]>aitio!i of New Mexico exists, and the Negretta or Black Range 
(so called because of the dark-eoloved firs which cover it) is often 
confounded wdth the Mimbres Mountains. We approached this 
range fiom Engle, a station on the Atchison, Topeka, and Santa Pe 
Railroad, fording the Eio Grande near old Fort McRea, and thence 
cro^iwed the subordinate Cuchilio Negio Range, about half way to 
Graftoij, a mining settlement on the eastern flank of the Black 
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l?duge, about 9000 feet above tide. The whole of this region was 
u)U3i(l6red so unsafe, both fioui hostile IiHlian 5 and \vorse white 
iunclirti (called that it was thonglit necessary to pro- 

vide a military escort, which, together with the guns carried by the 
partv,gave us twenty-five Wine tie's tens ^nd two moimted scouts per- 
tbotly familiar wnth the country. No difficulty occurred, however, 
nor was any likely to happen to so strong a pai ty. 

The Black Range is intersected by }>owerfii! lodes canj-ing gold, 
feiUer, copper, zinc, and lead. Hagan's Peik, a prosnineiit laiui- 
murk, which forms the apev of the range, appears to be a centre from 
wffiiob radiate juimtTout> veins One of thc-^c, known as Flagatf^ Lode, 
IS covered for over two miles by successive locations, tlie ores of 
which are cbietiy valualile for silver, with a little gold and some yel- 
low copper, in a coarse-grained crystalline and cellular quartz, the 
vem being generally very large, e, The Midnight^^ san^ples 
gav 0 me silver 1 5, 43, and 118 ounces, fi om three portion.s of the vein, 
a tra(*e of gold, and under 5 per cent, of topper. The Colossal had 
127 ounces of silver, 4 an ounce of gold, and about 7 per cent, of cap- 
per, The Monte Christo y lelded, silver 168 ounces, gohl 1 ounce, 
with under 1 percent of copper. These are obviously all free mill- 
ing ores, the silver existing chiefly as chloride; galena and lead salts 
are rare. 

This vein is believed to extendi to the north much farther than 
above indicated, covering in all a stretch of many miles. But no com- 
petent observer testifies to the truth of this statement as the result of 
jwrsonal investigation, All I can say is, that I saw a powerful vein, 
whieli I followed for nioi’e than two miles from the town of Orafton, 
wmmencing at the ** Ivanhoe/^ and jms^ing the Buckeye, Surprise, 
Alaska, Montezuma, etc., and so on, to the north, and beyond, where 
1 foUiowe<l it to the Wild Horse.^^ It is said to maintain its course 
conspicuously tor about five miles from tlie point of starting.^ At 
the Montezuma it was over 20 feet wide ; a miws of hard quartz, 
with noble c<mibs of amethystine crystals and great subveins of calcite 
included, with streaks of ore. Iii was developed by a shaft, sunk in 
the eastern porphyry, which incloses it, and the vein remained al- 
uiobt undisturbed for 150 feet, the depth of the incline shaft, at tliat 
time. Samples which I collected gave about 1 ounce of gold and 
140 ounces of silver. 

Tliis vein is certainly worthy of a systematic development. The 

^ If the vem from ILt^na’s Penk to the “ ^Yl\d Iloise^' location la one vem, ita 
length from lento twehf- imks. 




442, THE MINERAL REGION'S OF POUTHEBX SEW MEXICO, 


gold not visible to the eye, and the silver exists eliieliy, if not en- 
tiielv, as Chios ule, 

Thelianhoe mine is that vvliseh has given ]fco the Black Range its 
chief fame It h openect on the same vein, and, so far as it has been 
esploied, the vvork done by Colonel Gillette with good judgment 
and economy. At the time I saw It a tniinel had been mn in along 
the course of the lode, about 200 feet below t2ie croppings, fora dis- 
tance of between 200 and 300 feet, and a shaft sunk to the next level, 
100 feet , also a winze 100 feet beyond to the same level. The \em 
was of remarkable interest, and at the time of my visit of excep- 
tional value There was a streak of black ore a 'few inches wnde ou 
the footwall, about the level of the tunnel, which was brilhant with 
free gold, implanted in a matrix of blackened carbonate of lead, owing 
its color perhaps to the effect of light upon the silver chloride it 
contained. The mineralogical character of this black zone was rather 
complex ; vitreous and vanegated copper, blue and green malachite, 
yellow copper, zinc blende, caleite, ceriissite, free silver, silver chlo- 
ride, and gold, exist in its quartzo'-e gangue Carefullv prepared 
samples of this rich ore gave from 50 to 60 ounces of gold and 250 
ounces and over of silver, This naturally gave an unwonted stim* 
iilas to speculation, which the development of the vein in depth did 
not sustain. But it is neverthelefeS a remarkable vein, as its average 
quartz is good for from 1 to 2 ounces of gold, and from 100 to 150 
ounces of silver. The vein is strong, varying from 3 or 4 feet to 10 
feet in tliickness. Portions of it which I broke at 200 feet depth 
on the hanging-wall side were beautifully breociated like a mosaic, 
shiAVing evidently former mechanical violence, Ihe cementing silica 
which bound the fragments being chalcedonic, bordered with fringes 
of metallic particles symmetrically arranged like lines in an agate. 

Much nioie might be said, respecting the Ivanhoe and the Gieat 
Master lode, on which it is opentxl, but it is enough to add, from 
what we know of it, that^ systematic exploration, in depth, alone will 
develop its hidden tieasures, and not the manipulatiou of its shares 
in Eastern cities. The cross valleys or gulches, which cut this great 
vein, offer numerous points, where it may be advantageously opened 
by tunnels driven in on its course. 

Timber abounds on the Black Range, and water exists in quantity 
sufficient for milling purposes. It is a region full of wild game, 
and was the chosen resort of Victorio, who declared that no white 
man should set his foot on the Negretta and live; an oath which 
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he kept as long as he lived jSTear Grafton is an old burial-ground 
ot the Indian lace to which Victorio belonged 

It 3s eabv to say much more of the JKegrelta and tfie ilimbres, of 
the Biiri'os and the Mogallones, but moaC of the information I pos- 
sess of those regions is derived Irom other observers, and I propose 
here to restrict myself to my own explorations, leaving to others the 
development of the regions beyond, 

Pyeomorphite replaced by Wulpenite and Vanadium 

Compounds, 

Many yeais since I first called attention to the fact, before un- 
recorded, that pyromorphite, so characteristic a mineral in the lead- 
bearing veins of the Appalachians, and of Great Britain and the Eu- 
ropean continent general ly, was almost completely, if not entirely , Avant- 
ingin the lead and silver-beaniig veins and beds of the Cordilleras of 
Central North America, In them phosphoric acid is replaced chiefly 
by moly belie acid, and not unfreqiiently, as I have since discovered, 
by vanadic acid, the former appearing as wultenite often, as at Ta- 
coma and Eureka, crystallized in specimens of unsurpassed mag- 
nifioence, and passim in less conspicuous forms ; the latter I have 
mote recently detected in a considerable number of localities in 
Arizona and New Mexico, as is more particularly set forth in a 
paper, in the American Journal of Science^ for August, 1881. At 
Lake Valley, vanadinite occurs in small but very perfect hexagons, 
of a yellow color, closely resembling some habits of pyromorphite 
or niimetite. It is not common, but I found a considerable mass of 
drusy quartz on the Lincoln claim, quite abundantly studded with 
these crystals, about a millimeter in diameter. Wulfenite has not so 
far been detected at lake Valley. 

The veins of the Negretta, or Black Range, mentioned in this pa- 
per, are quite barren of wulfenite and vanadinite, so far as observed 
at present. On samples from the Tidal Wave,” a location on the 
Hagan lode, I detected a few crystals of pyromorphite, the first I 
have seen beyond the Wahsatch, where, in 1872,1 first distinguished 
the replacement of that species by wulfenite. But it is to be re- 
marked that the veins of the Black Rangeare essentially non-plumb- 
iferous ; they are silver-bearing gold veins, with a little copper, and 
less lead, so far as I have seen them. 

At Socorro, as already mentioned, occur vanadium minerals, one 
of which is a vanadiferous mimetite, a variety of this arsenide, not, 
I believe, before noticed. There are two other vanadium minerals 

' m 
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theiV; one of v^liieh is, very prnhablv, descloizite, but they remain to 
be ^tiuhed with more care than I have yet been able to devote to 
them. 

A BEYIEW OF TEE STE GEEEVIEVE COFFEE DEPOSIT. ^ 

BY PB^INK: NICnOLSOK, E :5I , STE. GE?vEVIEVE, :^io 
H fOPJCAI MvE rCH, 

Cupper ore was noticed in See Getievie\e County in 1863^ 
The diw-y>very was nwh h\ a German farrnei naui.d Simon Grass, 
who had occasion to make a road from fits faim down the hill into 
the neighboring valley, and while so engacred noticed pieces of a 
^reen-cnlored mineral, some of which he collected. Not knowing 
the character of the ore he had found, and supposing it to be valua- 
ble for its brilliant green color onj\, he carried a piece with him into 
tiiotowii of Ste Genevieve and &howcd it around the various bar- 
rooms as a curiosity No special attention was paid to the matter 
miti! nine years later, when Mr, O. D. Harris sent a specimen of the 
ore to Dr Theodore Fay, of St, Louis, for analysis. This analysis, 
w'hjoh was the first ever made of Ste, Genevieve copper ore, showed 
the specimen to contain ; 


r 4 )ppet, * • . • 17 75 per cent 

2iuc, . , . , ^ , 3 21 “ 

24 oO “ 

'?alj>luir, , , » , 1 09 ‘‘ 

Oig.inic matter, silica, carbon^ and oxygen, , . . 63 45 “ 


lOU.OO “ 

From this analysis it is evident that the sample was taken from 
neai the sm face, and was probably recognized by its green color. 
The almost entiie absence of sulphur proves it to be an oxidized 
form. 

There is on file, at the office of the Ste, Genevieve Copper Woiks, 
a paper*^ giving three assays of the ore made in 1875 by Henry B, 

' Thy pcLper lylyrj ed to read'* 

‘'Re^ult.U d’analv^es quintiuitive^* de tiois pimcipaux mmerais <le cuivre de Li 
Douvelle veme dam la montagne Dudley, Hams, et Cie. 

1 Cnivre pyi iteu?!., vai i^mieliease, avec des couches minces d^ocre ferrug^meuse ; 

ctJivic rnetailiqae, 33 5 per cent 

2 Ctiivre oxidtile ferrifere, yar conipacte , cuivre met , 36 per cent. 

3 Cuivre oxiduljS ferrif^re, var gianuleuse, cuivre met , 35.1 per cent 

Pour analyse, 

Hexby B, Yelitbe." 


fcxE GE3fEvrEVE, Mo., Mai le 9, 1375* 
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Yelitro, ^ French <‘hemis^. These assays show very high re^uits. 
They are as follows. 

ilso 1, Copper pyrites, iareelUr \aiiet\ , njetalhe copper, 3S t5 per cent. 

No 2, Ovirljzeil foppci and iron, metailio copper, . * 3*i 0 “ 

No o, Ovidi/cd roppcj and iron , metal he copper, . , 351 “ 

There*^uU shown in ISTo 1 is highei than I have e’ter been able to 
obtain from ehalcop) rite irom this oonnty; Kos 2 and 3 are prob- 
ably impure tenonte. In 18h8 exploration'^ under the dii eat ion of Mr. 
Harris tveie begnii on the seation where the croppings had been 
noticed ; but after a short period o( unsucw'^feful prospecting the work 
was abandoned In 1872, four years previous to the death of Simon 
Grass, Me^;srto. Han is, Rosier, & Co obrained a lease on the property 
for tiventy-five yeais, paying 10 per cent royalty. In 1876 woik 
was begun on the hill opposite that on which copper was first dis- 
covered, by a Chicago firm styled Hitchcock, Wilson, & Co. After 
oneyear^to unprofitable working this firm failed The Chicago mine 
— this was the name applied to the old workings of the Chicago 
Company — -was bought m by O. D. Harris, who now owns both the 
Gia.-s and Chicago mines and opcTates them under the nan>e of the 
Cciuiwall Copper Mines. In 1876 Mr. Leon Jokerst discovered 
another outcropping of copper ore, about four miles north of the 
Corrnvall mines, and took out considerable ore, running from 20 per 
cent, to 27 per cent of metallic copper* Following the lead taken 
by Mr. Harris, Mr, Jokerst called his property the Swansea Copper 
Mine. 

In 1 879 a third propeitt was opened near the Swansea mine, and 
was named the Herzog Cojiper Mine. These three mines are those 
given in ilio Cen^-uis Reports, by Professor Pnoipelly, and a study 
of lliem v\}\] be a .study of the Ste. Genevieve copper deposit 
They all belong to the same formation, and a study of one reveals 
the chaiwtoristics of all. As the Cornwall mines are most largely 
developed, liaving, in fact, furnished nine-tenths of all the ore pro- 
duced by Bte. Genevieve County, and, further, as the Swansea and 
Herzog mines me at present idle and afford, therefore, but poor 
focdiiies foi' study, the data for this paper have been obtained from 
a study of the Cornwall mines. 

From 1877 to 1880 the mines were operated by contractors, who 
agreed to work under the supervi^nion of a mine-boss, and to deliver 
to him the ore at one cent per pound, irrespective of its content of 
metallic copper, the only desidemtum to them being that it be ac- 
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cepted by the tnine-boss under whose inspection it must pass before 
It paid for. This method of working, though it secured the 
company controlling the mines from actual loss, had itb disadvan- 
tao^es. Men ^ ho carefully dressed their ore were naturally displeased 
at seeing others that \\ere exceedingly careless about the matter receive 
the same amount per ton fui their oie. The necessary consequence 
was that all hands soon adopted the plan of diesssing the ore as little 
as possible, the les-s the better, so long as it was accepted. Neverthe- 
during the three yeai's mentioned, the mines paid their owners 

well 

The system of valuation adopted in 1880 — in fact, the only sen- 
sible one where eontiaet mmiug prevails — was to pay the contractor 
a certain amount per ton for each unit of copper contained in the 
ore, the price paid being regulated, of course, by the market quota- 
tions for ingot copper. Under this system, each lot of ore is assayed 
and its market value determined befoie the ore is paid for. Under 
the old system, contractors delivering 12 per cent, ore, received 
thesameper ton as others whose ore contained 25 per cent of copper 
The injustice of the system manifest, and as above indicated re- 
sulted in a sort of race to see wdio could deliver the poorest ore and 
have it accepted 

In 1880 the Cornwall mines, which so far had shipped ore to 
Baltimore, Boston , and Phoenixvilie, erected works for making raw 
matte, and in 1881 refining works were added. 

The mines have been in so many different hands that it is impos- 
sible to state accurately the total output to date. However, where 
figures are given, they are taken from the’books of the Ste, Genevieve 
Copper Works and can be relied upon. 

In the following pages I shall discuss; 

I The geological formation and modes of occurrence. 

II. The geological history of the oie district. 

III. The method of working, as illustrated by the Cornwall 
mines. 

I. Geologicai. Formatiojv, 

The Quaternary, Coal Measures, Upper and Lower Silurian, and 
Archaean systems are all more or less developed in Ste. Genevieve 
County. The Ste. Genevieve copper deposit occurs in the second of 
the Magnesian Limestone senes of the Lower Silurian system. In the 
immediate vicinity of the mines this rock attains a thickness of up- 
wards of 250 feet* East of the mines the Carboniferous system is 
met and continues to the river above Ste, Genevieve, while below the 
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town the Quaternary occupies the half dozen sections included between 
Dodae Creek, Mill Creek, and the Mississippi Eiver. North of the 
town the Carboniferoofe is represented by the Archimedes and St. Louib 
limestones, and just west of these, theEeceptacahteand Trenton lime- 
stones appear as representatives of the Lower Silurian, which reaches 
west into St. Frangois County. There are no outcroppings of Upper 
Silurnin between Ste, Genevieve and the mmes. The accompanying 
map shows the geology of the county. For most of the data I am 
iinkbted to Dr. Shumard, who has done the only reliable geological 
work that has been done in Ste. Genevieve Ceanty. I have been 



thus exact in the above sketcli of the geology of the county for the 
following reason, viz. : the only work done in Ste Genevieve County 
SHU*e the discio very of workable deposits of copper was done by Mr 
James li. Gage, In his report to Messrs. Rozier, Harris, & Co., m 
June, 1877, Mr Gage says ; “ The geology of the copper ore district 
belongs to the Upper Silurian formation, which extends far to the west, 
and reaches to within a few miles of the river on the east, from which 
point the Carboniferous system occupies the intervening district to 
the nverJ^ Tins statement I can only suppose an error consequent 
upon a too hasty examination.. One of the plaine;^t guwles for the 
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deteriiiinatioii of geological forinations id Sonihex'-t MtShOiiri rne 
easily followed, even hj those unskilled in paiseontologj is the 
.®ac<‘harc>5da3 sandstoiie, which attains a thickness of more than 40 
feet, about 3 roiies east of the mines. This .sandstone is laigelv de- 
veloped in St". Genevieve Ctunty and is easilv recognized. It con- 
feiot-jof a leraai kably pine w bite saink of veiv line giit, and, according 
to an analysis of a seietied sample, made in the laboratory of the Ste. 
Genevieve Copper Woiks, contains 99 6 per cent of silica. It has 
of late been ii-ed successfully on furnace bottoms, and for years was 
siiipiied to Pitt&lniigii, Pa, and to Wheeling, W. Va , lor glass, 
miding 

The Second Magnesian Limestone consists of a silicious, magnesian 
limestone, interstuitified with seams of chert. Numerous pockets or 
openings fccur this limestone. The smaller ones are lined with 
cnstals of dog-tooth spar, while the laiger ones contain stalactites 
and stalagmites. The cry«ta].s mentioned are never transparent, but 
are usually translucent, and have a milky or brow n • jh color, the lattei 
being due to the presence of iron. The cavities vary m size from 3 
inches to 30 or SO feet, but 6 feet is about the average length. 
Crystals of dog-tooth spar 20 inches long are not uncommon. 

The chert seams occurring in this formation are fiom 3 to 12 
inches in thickness, and of varying distances apart. The chert is 
generally liard, breaks with a eonehoidal fracture, and has a dull 
white color. In the drifts, however, it often occurs as a porous, 
nioi'e or less friable mass, termed by tfie miners “ chalk ” rock, 
“ cotton ” rock, etc. The broken chert is found cemented wutli «il- 
careoiis matter, witli ore running in seams all through, and often 
entirely covering the conglomerate mass. The chert rarely contains 
minute cavities, in which are found small hexagonal prisms, with one 
end buried ui the side of the cavity, the other free, and terminated 
with a hevagonal pyramid. No laigc quartz crj'stals are found. 

As far as can at present be determined, the copper deposit consists 
of two nearly horizontal sheets of ore, between strata of chert, m 
the limestone. Some difference of opinuin, however, exists in regiad 
to this matter, Mr. Gage, in the paper before mentioneil, says, 
“The copjier ore occurs in three, possibly four, dist>nct beds.” Mr. 
Gage’s reasons for believing this are not stated, in his report,, and 
will, piobably, forever remain a mystery. The upper of the tvvo 
known levels — that from which nearly all the ore has, so far, been 
extracted at the Cornwall mines — is about 250 feet above the bed of 
the stream traveising the adjacent ravine. 
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The lower level — that worked at the Swansea mine — is at least 
150 feet below the upper level. After a caiefiil e^^amination, as- 
sisted bv surface explorationSj I was unable to thid any evidence of a 
third level, machine drills bein*^ u-^ed at the muies^ no pros- 

pecting has been done by hot mg, and hence the number of levels is 
not dehnitelv settled But I would certainly hold, that no one would 
be justihed in asserting that there were three, pos&ibly four, dis- 
tinct beds,'’ when evidence of only two existed* 

The following ores oceui . 

(I ) Chalcopyrik , — After penetrating the hill to a distance be vend 
the effect of surface influences — atmosphere and moisture — this ore 
IS found massive^ and from S inches to several feet in thickness It 
constitutes the bulk of the ore now mined Near the surface it is 
often found coated with crystals of malachite and aaiiiite it is 
soinetinies found softened and discolored, so as to look hke tenorite. 
An analysis of such a piece showed it to contain : 

Copper, . 28 0 pel cent. 

Sulphur, , 31 2 “ 

This ore, in varying proportions, accompanied by chalcocite and 
oxidized ores, is found m all parts of the mine* When found suffi- 
ciently far In the bill to be free from surface influences it has a bril- 
liant brassy color, which quickly tarnishes upon exposuie, forming 
beautiful specimens of peacock ore* 

(2.) Chalcodte — This ore is never found in large quantities. It 
usually carries about 60 per cent, of copper. 

(3.) Malaehit^G , — This occurs (a) massive, (5) as incrustation. 
When massive it is earthy, and varies widely in the percentage of 
copper contained, some specimens carrying as low as 11 per cent , 
while others contain 37 per cent, to 40 per cent* A general aveiage 
of the carbonates is about 20 per cent. Some pieces are nearly 
pure, and admit of a high polish when ground to a smooth surface 
When incrusting it occurs as delicate fibrous crystals, and is of very 
little economic value, the incrustation forming but a small fraction 
of the weight of the ore or rock incnisted. 

(4.) Azurite . — This occurs as an incrustation only. It is of no 
economic value, as the amount is exceedingly small. 

(5) Cuprite — Thi^ occurs m considerable quantities as seams in 
sulphide, and occasionallv unaccompanied by other forms. In the 
latter case the ores are silicious and vary in content of copper, from 
8 per cent, to 42 per cent In the former case it has increased the 
percentage of copper in the chalcopyrile to 45 per cent, 

VOL X -—29 
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(6.) Tmiirite . — Not met with extensively. When found it is im- 
pure, eontainiog about 50 per cent, of copper and 13 per cent, of 
sulphur. It is soft, black, or blue-black, and soils the hands. 

(7.) ChrysoGoila,-'On\y specimens are found. 

The following sections, taken from various parts of the mine, are 
of interest as showing the mode of occurrence of the ore. Fig. 1 
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Fig. I 


represents a section in the Shearlock drift, at a point where the ore 
is unusnally solid and free from chert fragments. This section is 



taken 270 feet from the mouth of the drift; consequently surface 
influences are but little felt, and the ore is found unaltered. 

Fig. 2 represents a section in the same drift, about 60 feet from 
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the rnoutli of the drift. ^1, is a pocket partially filled with silieious 
clay. These pockets are met with frequently. The ore is here very 
silieioos^ as it is filled with pieces of chert and cut out to a consid- 
erable extent by sand boulders. These sand boulders consist of an 



argillaceous sand of moderately fine grit. No copper has ever been 
found in them j on the contrary the ore seam invariably thins out 
where these appear. 

Fig, 3 is a sketch from the same drift, showing a common occur- 
rence of the ore. Often the chert is so intimately mixed with the 


ore as to preclude the possibility of anything like effective band dress- 
ing. The ore, in this case, is chalcopytite, with malachite, azurite, 
and red and black oxides, the oxidized ores constituting fully one- 
half. The chert consists of angular fragrnents, with seams of ore 
running in every direction. Fig, 4, taken from the same drift, 
shows the sand boulders above mentioned. The ore .seam often 
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thins out, from several feet in thickness down to a few inches, and in 
some cases disappears altogether. The ore represented in Fig. 4 is 
sulphide, with flakes of carbonate along the planes of cleavage. 

Fig. 5 is a sketch taken from the Valle drift, 235 feet from the 
mouth of the drift. The ore here is a very compact sulphuret, almost 
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free from gangae. About 15 feet from the point where this sketch 
was taken the ore-seam disappears altogether to reappear further on. 

Fig. 6 is a sketch taken at tbe place where the ore-seam disap- 
pears. 



The sketches given illustrate the various modes of occurrence of 
the ore, and from a study of them we are enabled to read with con- 
siderable accuracy the 

II. Geological Histoby of the Ste. Genevieve Oee 

District. 

The geological history is so nearly identical with that of the South- 
west Missouri lead and zinc region, that I cannot do better than 
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give the history of the latter m the words of Dr Sc^hmidt (see 
Mis^^oun Geological Survey, 1873-187^), with such changes ao to 
render the matter applicable to the former 

The geological history of the Ste Oenevieve copper deposit may 
be divided into five periods, a*? follows : 

(1 ) Period of Deposition, — Dunner this period a silieious limestone 
was deposited. While this was stiil calcareous ooze, the cheil seg- 
regated out in numerous thm layers, occasion j]iy contamijng miiky 
quaitz This deposit probably remained unaltered fora very long 
time, and became haid, dry, and dense befoie the second peiiod 
began. 

(2 ) Period oj Dolomizaiion, — During this period dolomization of 
the limestone was accomplished through the agency of magnesian 
waters percolating thiough the strata and depositing magnesuim 
carbonate* The principal deposition of ores, from watery solutions, 
as also the disturbances and ruptures in the chert, in consequence of 
the contraction of the limestone, belong to this peilod The dolo« 
raizatiou of the limestone, and the bimultaneous dejx>sition of the 
ores, began from horizontal crevices, and then extended through the 
whole mass of one stratum of limestone, and was limited by the^ 
layers of chert above and below- This process was going on in pre- 
cisely the same manner at the different levels. 

(8.) Period of Dmoluiion, — This period is not so marked in Ste. 
Genevieve County as in Jasper and Newton; yet the numerous frag- 
ments of chert, the large amount of cla}% sand, and rotten sihcions 
dolomitic limestone occurring m the drifts, show plainly that theie 
has been such a period. The final deposition of ores probably took 
place toward the close of this period* There is no doubt that ores 
were deposited after the accumulations of chert were formed, as 
chert is -often found entirely covered with chaicopyrite. Pieces of 
chert are also cemented together with ore. 

(4.) Period of Begeneration, — Local regeneiation of the partially 
dissolved and softened limestone, by renewed deposition of carbonate 
of lime, local infiltrations of silica, and possibly a continued depo- 
sition of ores, belong to this period- AH the conglomerates, which 
consist of chert fragments cemented by either a silicioiis or by a 
calcareous mass, were formed in this period. 

(5 ) Period of Oxidation* — During this period thesulphurets were 
changed to oxides and carbonates. This is specially noticeable near 
the surface; but so far has the oxidation been carried, that in the 
east drift, specimens of malachite and tenorite were obtained 400 
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feet from the aioiith of the drift. The j^hells of brown hematite 
were formed, during this per.od, from the oxidation of the pynte;?* 
Nea- the sui^^ce tha-e slieils verj rmmerous. Thsspeiiod, of 
00111 * 50 , reachc'^ up to the present di^y 

IIL Method op Wohkino, 

Th^ CuiMWsll copper mines are sinmtecl in T. 37 N., E. 8 E , in 
Ste Gtoeueve Coinity Thev occupy parts of sections 15, 16, 21, 
and 22, ^ oinpu^e alto^^ether 510 acres. The immediate viCiOity 

0 * tlie mines is Iiilly. the surface consisting of limestone, whicla has 
been e >ns’derablv eioded, the (rests of the hills being several hun- 
dred feet above the beds of the streams traversing the adjacent ra- 
vines. The dip of the limestone is about 5° east 

The district is fairly timbered, and the valleys are well suited for 
agnciiliural purposes. The mines aie 10 miles from the town of 
Rro Genevieve, and 12 miles from the smelting works, which are 
]^>cated at Eock Haven, the landing for Ste Genevieve, boats being 
unable to land at the tov/n ou account of a sand-bar which has 
foimed in front of tlie (>iace. 

There is no railroad nearer than the St. Louis, Iron Mountain, 
and Southern Raihoad, which j>a»ses through St. Franpois County, 
All tranbpoitation of 01 * 0 , from the mines to the smelting works, is, 
therefore, by means of wagons. 

The roads, from the mines to the works, are for the most part of 
red clay, ard during wet weather are almost impassable for heavily 
loaded nagons. In dry weather, ho'wever, they are very good, com- 
paring fiivorably with country roads ehe\Giere. Witli l)iU little 
labor and expense they could be greatly improved The gravel, so 
plentifn! m Ste. Genevieve County, would be excellent for this 
purpose. 

At the mines there has sprung up a small village, containing 
twenty-one dwelling houses, besides ore sheds, blacksmith shojis^aiid 
dressing sheds In honor of the owner of the mines, the town has 
been named Harrisvilie. 

Each dwelling-house contains one* room, 16^ s 18', with kitchen 
in real. The cost of erection of these bouses is one hundred dollars. 
They are rented to miners with families at two doUars per month. 

There is abundance of good water about the mines, and one or 
two springs strong in sulphuric acid With each house there is a 
p^eee of ground for raising vegetables Tlie wages paid are from 
|L10 to $L35 per day, the former being paid foi dressers, the latter 
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for miners This enables the men to lire very eomfortablv, as it is 
paid in cash, the mines owning no store. The cost of the necessa- 
ries of life is moderate. In Febrnary, 1882, supplies cost ; 


Poikj 
Blitter, . 

Si'gar, . 

Flour, 

Potatoes, . 

Cora meal, 
ChickeriH, 

Coffee, . 

Beans, 

Tomatoes (canned U 


H per pound. 

25 
] 2 * 

4 00 per 100 pounds 
1 00 per bushel 
1 60 
15 each. 

20 per pound 

^ (i 

7 


Altogether there are seventy-four men employed in and about tho 
mines, exclusive of teamsters The men all begin woik at 7 am . 
The dressers work until 6 p.m , while the miners quit as soon as they 
have finished a fair day^s work This is now recognized to be 12 
feet of drill holes for two men, — a striker and a holder. No ma- 
chine drills are employed. 

The drills used are octagon steel with IJ" bit Each diiffc is 
under tlie immediate charge of a contractor, who agrees to work 
under the general supervision of a mine superiniendent, and to de- 
liver to him the ore at the rate of 50 per unit, when ingot copper 
is w^oJth 20 cents per pound in St. Louis. This amounts to cents 
per pound for the copper contained in the ore, and leaves the works 
the neat little mara:in of 12| cents per pound. The assay is inva- 
riably made in the laboratory of tiie smelting works, and no appeal 
can be taken from the decision there rendered 1 3 per cent 
deducted from the wet assay to make up for the looses in smelting 
The liauling from the mines to the works is done by contract. It 
exists f2,50 per ton all the year round. 

The present output of the mines is 150 tons per month. This 
could be doubled by putting on a night shift. 

Tlie drifts are run in on the outcrop, 4 feet wide by 6 feet high, 
the cost of driving being |G 50 per linear foot. When the ore-faces 
show well in the drift, chambers are laid off and worked out. The 
roof is usually kept sufficiently high to enable a man to stand erect 
in the drift. In places this height is greatly exceeded on account of 
the upper strata being too weak to support their own weight, 

A part of the wastage is stowed in the old workings. The re- 
mainder is earned out on the dumps* 
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The ore is kept on the floor of the drift. The rock is stripped 
from the ore for several days, and the ore is then lifted by nicaob of 
gadSj or, if it be very solid, a light charge of black powder is em- 
ployed to laise it 

Giant powder (Atlas No 2) and blacli powder are the explosives 
u^ed in blasting Ghikodine was used for a short time with great 
success, and its uss w’as discontinued only on account of the preju- 
dice of the mmer», who, as a class, are always opposed to the intro- 
duction of anything new. 

The oie and a large amount of waste rock are removed from the 
mines hy means of tram-cars, which run on wooden tramw‘ays, and 
are pushed along by boys. Each car has a capacity of about 500 
pounds of ore The ore is delivered by these cars at the dressing- 
sheds, where most of the adhering rock is removed. When carefully 
dressed the ore carries 25 i^ev cent, of copper. Ordinarily, the ore 
as deliveied at the smelting works carries about 18 per cent* For 
the year ending December 31st, 1881, the average content of metallic 
copper, in ail ore delivered to the smelting works, was 18 1 per cent. 
The piincipai portion of the gangiie remaining with the oie la 
chert, and hence, when delivered at the works, the analyses of the 
ore often shows 50 per cent, of silica. 

No educational facilities are at present offered ; but it is thought 
that a school will shortly be established for the benefit of the chil- 
dren of the miners. 

The cotot per ton of the ore delivered at the smelting works, sup^- 
posing it to carry on the average 18 per cent of copper, is: 


Mining and dressing, at $1 50 per unit, . . . . $27 00 

Supervision, weighing, etc , , . . . , # .0 33^ 

Hauling, * . 2 50 


$29 

The market value of such ore, when copper is quoted at 90 cents, 
is §3 per unit, or |54 per ton. Net profit to owners, $24 16| 
per ton. 


bo:b:fi!e^s method of detebmihifg faults m 

MlHERjiL YEmS. 

BY It W. EAYMOKD, PH D , NEW YOUK. 

I DESIRE to call the attention of members of the Institute to a new 
method of plotting and determining faults in mineral deposits, sug- 
gested by Prof. Hanns Hoefer, lately of the Mining School of Przi- 
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bram, and now of the Sehool of Leoben^aod one of the editors of the 
Austrian Zeitsohrift fur Berg- und Hulimmesm, m the 29th volume 
of which appears his paper on the subject I will here give an ab- 
stract of its contents, which^ tliough pattial, will be, I trust, sufScient 
&r my purpose. 

In the esatnination of a fault, we usually follow the rule of Zim* 
mermann, which assumes that the hanging-wail of a fanlting-fissure 
has slid downward in the direction of its <!ip; but dibiocations (of 
coal-seams in particular) show many cases in which one part of the 
seam has been shoved over the other j that is, the hanging-wall of 
the faulting-fissure has slid upward instead of downward. For a 
long time, every diblocation of a mineral deposit upon a cross-fissure 
was regarded as necessarily belonging to either one or the other of 
these two classes. It was either a slide {Sprung) or a heave ( 

Eut it has been proved of one and the same fault that it may appear 
at one place to be a slide, while at another place, even in the same 
mine, it appears to be a heave. 

This phenomenon itself suffices to show that the classification of 
diblocatious is not so simple as has been supposed, and the methods 
pursued by miDe9«r\eyors, based upon that classification, may there- 
fore need improvement. These methods, as is well known, assume 
that throughout a given fault the motion of the hanging-wall has 
been everywhere the same, and consequently that the so-called ver- 
tical interval or “throw/^ determined by exploration of the two dis- 
located parts of the deposits at any one point, is a guide for explora- 
tion at all other points. Practiee, ho wevci, shows that this guide is 
not unerring. It does not always agree with the indications of ac- 
tual movement and direction furnished by the striations of the walls 
of the faulting-fibsure. These marks frequently do not follow the 
dip, but be obliquely across It The oblique or other motion thus 
indicated is certainly one of the elements in the geometrical problem 
presented to the surveyor. 

Fig 1 may illustrate this point. Let AB be the line of intersec- 
tion between the vein L and the fan 1 ting-fissure F, the striations of 
which indicate that the movement took place in the direction of CD. 
The dislocated continuation L' of the vein being found at EF, the old 
rule would declare that the case was one of a heave or upward move- 
ment of the hanging-wall ; and yet it is really an ohlique slide. 
That the distinction is important appears when we consider that, if 
the vein being worked in the foot-wall of the faulting-fissure had 
csontained an ore-body which was cut off by the fault at <?, the old 
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rale vtould reqairti Ui5 to accept continuation ot l^iS ore-body at 
some higher point in the lian^^ing-viraM ot the f lalt j wbciens, by ^he 
pre'^ent h^pfulie^i^, it J'^at the lower po<nt //, to which the siiridtioiH 
tend it IS apparent th.^fc an oblique slide would not according to 
the oM role, appeal to a siide at ail, unle'^s the btiutions (that Jfej 
the ac:uai inoveri"enU''j steeper mi d'p than the iuie-v of in- 

Fig 1 



terseetion. In ease had been hoiizontally moved^, the diblocation 
would, by the old rule, be a slide, if it had moved in one direction, 
and a heave, if it had moved in the other ; whereas, in reality it would 
have been neither. 

But Professor Hoefer goes further, and declares that the parallel 
uniform movement of the banging’-wall of a fault is not to be always 
assumed The evidence of this statement is clravrn especially from 
coal-seam^; not, as I appiehend, because (he dislocations of these 
deposit.® are difieient in natuiefrom those of metalliferous veins, but 
because eoal-miiiing Imsfuinished more extensive excavations, and 
therefore a gi eater body of evidence than any other branch of the 
business. Moreover, we can with greater certainty judge wliat ^^as 
the original position of a coal-bed than we can of a fissure-vein. 
When the latter suddenly changes dip, for instance, beyond a fault, 
we cannot be sure that the change of dip did not exist before the 
dislocation took place. This phenomenon of a change of dip and 
also of strike is frequent in coal-fields, tmder such conditions as 
make it reasonably certain that neither the original position of the 
coal nor irregulannes in the fanlting-fesure were the cause; but 
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rather that the relative movement of the two parts of thedepo'^it was 
not m pasallel lines In many cases where veins show a uniform 
dip; that IS; appioaeb in form a regular plane, and yet exhibit these 
changes beyoud a fault, it is reasonable to infer, instead of a simple 
slide or heave, a partial revolution of the mas*- on the haiignig-wa!l 
suJe of the iault arimnd an axis norma! to the plane of the faulting- 
hs=iire, A simple geometrical construction wiH show that when one 
mass of lock has nios'Cil ui tins manner upon another, the dislocated 
portioii of the mineral deposit common to the two must acquire a 
difierent strike and dip from tliat which has remained unmoved. 
Protessor Hoefer cites an illustration a very extensive fault in the 


a. 



neighborhood of Aix, which sliows to the southeast a greater vertical 
dislocation than toward the northwest, and can only be explained by 
a turning movement. 

Fig. 2 shows how, in the simplest case, that of a revolution with- 
out vertiad descent or ascent of the hanging-wall, the striations in 
the faulting‘fi«sure may indicate the axis of the revalntioii. la this 
figure, AB is a drift ran in the faulting-fisswre, and showing stria- 
tions according to the dotted lines, which pitch in one direction at A, 
and in the opposite direofeion at JB. In such a case, the centre of 
movement would be found at the intersection of perpendiculars drawn 
through the line of striutioas. Thus, if striations were exposed at 
A, and i>, the interfoection of the perpendiculars would show the 
centre of movomeiVt to be at C In practice, however, it is likely 
that the several perpendiculars drawn through such striations would 
not intersect at a given point; and this would show that, besides the 
turning movement, tbf^ie had also been a movement of translation of 
the whole mass, up, down, or along the plane of the fault. The 
complication of these two movements is, however, not beyond analy- 
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sisj if the data are suflficlent-ly abundant and exact. Even with the 
imperfect data usually afforded by the limited exposures m mines^ it 
!S much better to work upon a perfect than upon a crude and partial 
system ; and Professor Hoefer thinks that not only the points already 



mentioned, but also the question of direction of movement (for ex- 
ample, in Fig, 2, whether from jB to u4, or ^ to B)^ can in many 
cases be satisfactorily determined by the plan he proposes* 

This plan may be illustrated for a general case by Fig. 3 Let 
*45 rejiresent the course of a vein dipping 32® (as shown by the ar- 
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row), which htis been explored on an upper level to where it is cut 
off by a cross-fiasure, having the stiike BI£ and the dip of 40^ (as 
shown by the arrow). Let it be assumed that upon a lower level the 
vein had been opened, with the strike CD and the dip of 23°; that 
on this level a fault was encountered at D, having the^iaine stake 
and dip as that at By a simple construction, with the help of 
the triangle a6c, in which the angle c is 40”^, and the side ah is the 
vertical distance h between the two levels, we find the point g and 
draw the line cD, which, being parallel to BK and also coinciding 
With the strike of the fault at i), pi'oves the latter to be identical with 
the fault at B on the level above We now determine the two lines of 
intersection jEFand BG made by the fault, with the two portion'^ AB 
and CD of the faulted vein. This can be done most easily by the 
aid of the two triangles, def, ghi^ m which the base h is taken equal 
to the vertical distance between the two levels, and the angle oppo- 
site h is, in each case, the angle of the dip AB and CD being al- 
ready given, the corresponding lines, namely, HJ on the level of 
CDj and KL on the level of AB, are to be found. This is done by 
drawing JHJ parallel to AB through the point/, and prolonging kg 
parallel to CD. The course of the fault at B is known , hence the 
line BK drawn on that coarse mteisecting the line KL at K deter- 
mines the point JCfor that level, while for the next lower level the 
point JET IS determined by producing the line CD parallel with BK; 
in like manner, the lower levels, TU, VW, MON, PQ, BS, etc., can 
be platted. It is evident that, by drawing lines through KD and 
BJff, the lines of intersection JEF and BG are obtained It is evi- 
dent also that on the fourth level M, if in working fiotn M the fiiult 
is encountered at 0, it will not be necessary to cross-cut, as in the 
upper levels, to find the eoutinuation of the vein ; since at that point, 
which is the centre of revolution, the vein can be found by simply 
breaking through the cross-fissure. In the next lov^ei level, PQ, 
however, if the fault is encountered at Q, it will be necessary to cross- 
cut for the continuation of the vein in the direction QR, a direction 
opposite to that which would be necessary at U or Z>, 

It will be seen that in this case a revolution has been demonstrated 
without the help of the indications afforded by the striations. 
Professor Hoefer indicates also how this graphic method may be 
applied to lines of intersection which are not straight, but curved , 
and to the still more complicated case of a varying strike at differ- 
ent levels in the ftulting-fissuie itself; that is, for instance, when 
BK^ jF/D, VD, and QR are not paralleL He says in substance : 
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“Thv&o’miun of the piobleio mtiam'. in pnne.ple tne s^ime when the line?> oi 
ir.tei^ecn^'t1 tUi\es If, for ipsian^'e, tve had ph>£ted a tor diiferent let els 
CnoMooaV apait .tru- fuly) and had %i-c! tiietR-t^ on acta^l evplorat^on to 
fer tram otir GuPbUiKticri,— that i", the lines of uatei section, in.agined as dra-wa 
in the plane of the fault /such as SK, DH, etc , m Fi- Sj, had proved in practice 
tv w lou-ei fihortei than required hv om construct.on we should then obtain a 
numb«i ur ek.nenu nf the actiuu cuived Lne< ot inteisectioo, ^^hldl conld pro- 
long accoid.ng their curvature, in order to further them, just as ji 

thev wei e straight 

*Totahean''exarr'pie suppose ^ Fig 41 thar the fault hud ceeu encoiiutered on 
level i in the t\^o portions oi the vein at A and B, gi'^^ng at these points th© 
stiaigut of iinu^ettion JI) and BF, bnt that on ]©>©! II the fault was found 



at G, not I>, and the continuation at Hj notF Straight Ime^ draivn from A through 
G, and from B throiigli E thus become the lines of intersection for the constnietion 
of the fault on levef IE But actual developments show the points sought, to be 
E inaead of Z, M. and, in short, we become able to prolong the corves JC/, 
BEE as enrvis, and thus, to obtrtiii for lowei levelb, m advance o± esploiatiun, 
more accurate dctei minafions 

Profesor floefer recommends in practice the general method 
above described, on the gronnd that it involves no generic assump- 
tion or hypothesis, but makes the work of the surveyor in the first 
place purely deseriptive, and also checks by graphic constrnotion the 
errors of observatioos due to irregalarilies in the vein and fault. He 
points out also that this method indicates conclusions as to the 
nature of the movement which has taken place; since, if the two 
lines of intersection are parallel, the movement must have been 
parallel ; while if they converge, the movement must have involved 
a revolution, and the points where they intersect must be the niter* 
section of the axis of revolution wrth the plane of the fault. 
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This statement of Professor Hoefer's method suggests Lhe follow- 
ing observations . 

Evidently the graphic method shown in Fig. 3 will not indicate, 
in case of a compound movement, involving both a revolution and 
a slide, either the existence, the diieetion, or the amount of the lat- 
ter. The relative position of the two parts of the faulted vein, 
shown in Fig. 3, may ha\e been reached by a simple revolution 
around an axis normal to the fault at 0^ or by a revolution around 
some other axis normal to the fault, coupled with a slide along the 
fault. For instance, the axis of the revolution mav have been at 

and the slide mav have carried it oppai^mtly to O 

Y et this IS precisely the ease which may be expected to be most 
frequently encoiinteied ui practice Simple revolutioris must be 
rare, if, indeed, they ever occur. My own impression on this point 
15 confirmed by the reply of Professor Hoeter to an inquiry which I 
addressed to him after perusing hi 5 paper He savs . 

^^Cncwlar movements, conibuied with movements an straight lines, are very fre- 
quent in our isulfs , in fact, I do not douht at all that a eonhnued caietul will 
aho^ them to be the inle Whether levolutiuns often occur, ^erydifticult 

ro deerde, from the observations thus far available Ton knovv liow one-^ided and 
incomplete the inquiry Iuh heretofore been in this diiection. In the southernmost 
district of Przibiam, tlie Cleinenfci vein in m selvages stnatiuns the vaiytng 

directions of which iiidicaie a circular movement, and ray studies (unfoiliiiiately 
xnteriupted by my departure; led me in this case to the belief that the rno\ement 
had been circular only But I did not consider the question dehidtely settled ’ 

Bnt, to return to the illustration of Professor Hoefer^f^ method 
given in Fig* 3, it is evident that although the method, applied, as 
in that case, to a fault which has been determined in two places, at 
different leveln, will not, from these data alone, reveal the exact com- 
ponents of the movement which ha*- taken place, it will ucvertheless 
indicate for any level the point wheie the contiauation of the vein 
IS to be sought, beyond the fault. It is, however, often important 
to find the continuation, not merely of the vein, but also of an ore- 
body in the vein* Thus, in Pig 3, the miner working from (7 to J), 
and finding the vein cut off by the fault, might know that by (iriftr 
iiig in the faulting-fi^sure to i?, on the same level, the vein would 
again be struck ; but the point iT would not in any case (except that 
of a simple and j>erfectly horizontal movement) be die point onginally 
adjacent to D, before the faulting took place ; and if there wete at 
D a valuable ore-body, the quoKtion would still remain, in wdiat di- 
rection from H the continuation of this ore-body should be sought. 
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Foi’ the case of a simple revolotion around 0, the solution of 
this question would be easy. It is ''hown in Fig 5, v^hich I have 
made by taking part of Professor Hoefer« Fig. 3, and adding two 
au3».iliaiy triangles, OLh and NnA The construction is ao follows ; 
From 0, drau 01 perpendicuiai to AfL, and OA, making the angle 
ljOh=^ 23^, Similarly eoiistruci from any point iV on OA the tri- 
angle NuA^ making the angle at 32*^. The distances cutoff on 
the hypotheniwe OL by the lines LK^ CJ?, and TU^ represent the 
heights (inclined measurement) between these levels. The same is 
true of the sections into which Nn is divided. The distance of D 
above the level along the dip of the vein^ is Owi/ and the 

5 



point adjacent to D, before the diBlocatioUj must lie at the same dis- 
tance above ON Taking Nt=Om^md drawing through 
parallel with HJ, we have Dj, the point desired, which lifes the dis-^ 
tsmeefr vertically, or /e, inclined measurement, above iTX 

But }f there has been a rectilinear as well as a circular relative 
movement of the vern masses on either side of the fault, the point 
Di will not be the point formerly adjacent to D. The continuation 
of an ore-body cut off at D will He at a distance and in a direction 
from directly dependent upon the extent and direction of the rec- 
tilinear aioveinent* (I need hardly say that ni all these cases it is 
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of no coiisscqnence wlijollior both walls, or only one actually moverb 
The total mo\Ginent may l>e assumed to have affected one uall only.) 

In this case, the study of the striations in tiie faulting-fibbiire 
mav gi\e valuable, though ]3erhaps rarely exact, indications as to the 
duection of movement If the leeti linear movement followed the 
circular one, the sinations may furnish a deal record of it in straight 
lines. If the two ^^ere fas is more probable) simultaneous, the 
striations would be stnetiy epic>dt>id curves; but for their interpre- 
tation It yoiild be sufficiently accuiate to eonsicler them as fragments 
of ellip'^es, having their major ax'es inclined in the direction of the 
rectilinear movement. These indications '^\ouId doubtless be in most 
instances of practice merely geneial guides to exploration. But afterj 
by such exploration, the continuation of a given ore-bod} fas 
Fig 3) had been found, it is plain that the whole movement of the 
faulted vein could beanalyiied and plotted, and that the continuation 
of any other ore-bod} could be sought with coniidence. In the ease 
before us, it would be only requisite to determine the relations of 
the point actually found to its theoretical position on the lupoth- 
esis of purely circular motion; and the correction tluis applied to 
could be applied to any other point similarly determined 

I should remark, in conclusion, that all tliese constructions rest 
upon the asbuniption that the dip of each segment of tlie faulted vein 
19 constant. That is, the vein is treated as a plane But it would 
not be difficult to nichide, in the method here shown, changes of dip 
and strike, as these might be discovered in actual working, and 
under certain eiroumstanees, a change of dip might serve as a useful 
landmark in feurveying. For instance, if, in Fig 3, there were a 
cliange of dip in the left-hand portion of the vein, at the level 01 \ 
then the corresponding change of dip mu«it be shown on the line 
(tB, at the point formerly adjacent to D; and the discovery of this 
point would at'oiice, as has been ah'eady shown, j^ernnt the anal} sis 
of the movement which had taken place, and the deduction of all 
]ts resultant relations. 


TJTE OOOUREmCE OF GOLD m THE F0T8DAM FOBMA- 
T10F-, BJiACF: HILLS, DAKOTA 

BY WALTEE B. BBTEBEUZ, E.M., GLOBE, ABI20XA. 

Teb special conditions under which gold occurs tn the Pot^sdam 
formation of the Black Hills present features worthy of a more 
tematio presentation than they have heretofore received. The notes 
YOU X ’*^30 
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winch are comprised in this paper relate to the immediate vicinity of 
the Ilome^take vein, where are found the only deposits of the char- 
acter referred to which have heretofore attained any importance as 
gold producers. At thi<=< point the oldest visible foi mation comprises 
the highly metamorphic palmozoic schists, which contain the gold- 
bearing quartz veins. Re'^tirrg uneoiiforniably upon the schists is a 
sedimentary formation compo‘-ecI of debris derived from the schists, 
and containing the evidences of the life of the Potsdam period. The 
base of tlub formation is generally a conglomerate, which, at the 
Homesfake vein, is \er\ thin or absent entirely. Its section here is 
that of a wedge, the thin edge of which conies nearly to the Home- 
stake %’ein. 

Early sn the history *of 'the Black Hills much excitement was 
caused bv the discovery of gold in paying quantities in the lowest 
stratum of the conglomerate above referred to The ore was readily 
obtained by a system of horizontal drifts, ami many h^mdred thou- 
sand dollars were obtained in a short time. Owing to the peciihar 
chara<*ter of the ore the mines were known as cement mines, although 
the matermi was a true conglomerate, generally hard, and needing 
the stamp-mdl for rediK*tion. The larger number of these deposits 
were found upon tlie eastern side of the Homestake vein, and within 
a perjieiulk'ular distance of alxiut a mile. Only one paying deposit 
has been worked upmi the western sfcle. At pre^^cnt the larger num- 
ber have {'eased producing, and it is not probable that they will ever 
attain the importtince that they have had, since the productive terri- 
tory has been quite extf^n-^ively prospected. The conglomerate, in 
places, partakes of the character of a breccia, and generally gradually 
merges, in the up!>et strata, into sandstone, or, where there has been 
loca* metamorphic action, into quartzite The mass of the conglom- 
erate ib a mixture of quartz boulders iind pebbles, and worn frag- 
ments of schist, with frequent pebbles of hematite. While there is a 
slight slope away from the Homestake vein, such as would be natural 
in a beach, the contact of sedimentary and schistose formations i$ 
essentially a plane with a slightly undulating surface, due to the un- 
equal durability of the underlying formation. Gold occurs in these 
sediments in two dibtinct conditions, viz : 

1. Gold as a mechanical constituent. 

2. Gold as a chemical constituent 

Under the first head I class the principal portion of the cement 
gold which has been mined, while under the second head I wish to 
speak, in the latter part of this paper, of some gold ores of an entirely 



'J'HE OCCURRJEXCE OF GOLD IK THE BLACH HILLS. 467 


distinct character, \vhioh are found some few miles distant in the 
same formation I am aware that in classing the gold of these con- 
glomerates as a purely mechanical eonstitueot, I am doing so in 
opposition to a tlTeory, recently upheld by aa elaborate argument, 
which endeavors to prove rtiat placer gold is a product of local pre- 
cipitiition or crystaUization. 

Careful observation in the field and a oansi deration of the facets, 
ba^e, however, led me to rqect thn theory as untenatile and incom- 
petent to explain the conditions noted, and I hope in this paper to 
present evidence which shrill justify this conclusion. The boriijontal 
character of the sediments and the fact that their accompanying life- 
forms belonged to salt-water types lead as at once to the conclusion 
that -they were ocean sediments and not river beds, and that they 
were formed in very ‘shtilow w<iter, where tliere was btrong w^ave 
action. The thinness of the deposits near the Homestake outcrop 
and the coarseness of the material indicate that they were beaches. 
The absence of gravel over the quartz outcrop shows that it ^yas 
either insular, or perhaps a shallow reef. 

We know that this absence of gravel is not due to more modern 
erosive action, because the eruptionb of porphyry occurring in latqr 
geological times, and yet before the modern valleys were scoured out, 
have capped over the vem outcropping, and preserved it intact in 
many places. 

This same porphyry has also overflowed the Potsdam sediments, 
thus giving us the proof that they were originally as siiallow as they 
now are. In some places we have at least a hundred feet of eon- 
glomerate over the gold-bearing material, but generally much less. 
In order to show that the Hoinebtake vein was large enongh to have 
supplied gold for all these deposits, I need only mention' that its out- 
crop, as covered by the porphyry, was at least^i mile id length, and 
from one to two hundred feet in width, of solid, gold-hearing mate- 
rial 

Much of the conglomerate has been cut away by the formation of 
the present topographical conditions, and we can only construct the 
original contact plane by noting the diftereut points at which it inter- 
sects what are now hills: 

The appended sketch is an approximate section taken perpendicu- 
lar to the Homestake vein and extending eastward to the limit of tlt,e 
gold-producing territory; in all, perhaps a mile and a half in length 
It shows how small a poruon, comparatively, of the old sea-bottom 
remains From it we see, also, that the site of Central City was 



468 THE OCCtJRRENCE OF OOLD IN THE BLACK HILLS. 

once overlaid by a placer — probably richer than the mines in the 
hills on either side^ which have yielded so much gold The eontacfe 
plane has a dip of about ten degrees away from tlie Homestake vein. 
First considering the gold which remaine<3 in the matrix of gravel, 
we will afterward endeavor to sho\v what became of the gold again 
set free during the disintegration of the conglomerate. The laiger 
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portion of ^‘cement gold^^ (using the local term for convenience) has 
been taken from the ridge shown in/the. sketch between Dead wood 
and Black Tail gulches. 

Ore mioe<l from this ground is, said to have milled as high as fifty 
dollars per ton, and the stratum lying close to the bed rock was ex- 
ceedingly rich, as is generally the case where the . ore pays at all. 
Small channels and depressions caused local concentrations, and these 
channels were generally followed in the process of mining. The 
ore was hard, and generally required blasting. This condition was 
very advantageous in studying the character of the deposits, since 
large -blocks could be taken out and examined in detail. If the term 
might ba used in such a sense, these wei'e fossil placers, in which the 
most minute relations were carefully preserved, although , originally 
existing in a very unstable material. 

Many of the facts here noted were obtained while running some 
hundreds of feet of drifts through one of these ore-bodies. 

In general we find much the -same variations of quantity as are 
shown in the ordinary gravel placer. The local channels referred to 
.show tlie same alternations of rich aiid^poor material, due to different 
conditions of current, and the uniyeL^at occurrence of the greater 
part of the gold near the bed rook. In .general, only five'or .six feet 
in thickness will pay for mining and milling. Our method bf assay- 
ing wus by pounding the sample in a mortar and washing- the pulp 
in a pan. The gold had all the oharaoteristies of placer gold, and 
as generally what is called shot gold, or smooth rounded grains, 
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siiglith flattened. I observed one nugget of nearly three pennv- 
weights in weight 

The cementing material of the congiomeraie was general i) oakIg 
of irorij and the gold which had lam on the bed wa^ often 

attached to the overhmg boulders by this meclmm In general, 
whtTe contlitions had been such as to allow the subsidence of other 
materials of high specific gravity, the gold \vas most abundant, oidi- 
nanly with large quartz boulders or with pebbles of hematite. The 
latter weia seldom found without gold being attached to tliem, the 
pebbles themselves having a smooth, polished surface In general, 
the position of the gold was always such as to point to its great spe- 
erfic gravity as the locating cause, and not to solution oi precipitation. 
In fact, the many curious positions m which I observed the gold 
were such that no satisfaetoiy explanation could be found except the 
one noted above Upon one quartz boulder, which had Iain directly 
upon the svlnsts, I found, after removing the decomposed talc from 
the boftotn, that grains of gold of almost exactly the same size were 
arranged m nbbon-hke layeis in such quantity that half an ounce 
could probably have been covered by the hand. Each giain of gold 
is generally covered with a thin coating of oxide of iron, winch needs 
a blow to loosen it 

The richest ore is not always found in the deepest portion of the 
ohauiiei, but sometimes upon one slope, the maximum richness being 
perhaps half way up the slope of the channel 

Small basins or enlargements in these channels are sometimes 
found, wliicli are perhaps one hundred feet across, in which the gold 
has been deposited in larger quantity. These have the appeal auce of 
having been formed by whirlpool action. 

T*ic tiiieness of this gold is greater than that of the ijuartz veins, 
ae is generally the case with placer gold. This Is a perfectly rational 
condition, since from the*time it is libcrate<l from tlie vein tho gold 
IS subjected to the action of various chemical agencies, winch naturally 
act moie energetically upon the silver than the gold of the alloy. In 
the case of the gold in question, we have not only the ordinary con- 
ditions, but the added ones that must have resulted from the saline 
waters, and the Bokitions of iron which produced the large amounts 
of dxkIo of iron noted. In one ease the latter ainounts to a bed sev« 
eral foot in thickness, lying over the gold cement Combined vith 
these ciiemical agencies was the heat ptodiiccd iiidater times by the 
porphvntic iiitrufiions and overflows. 

Haying exposed one of these dikes whiobj for several hundred feet, 
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cut thrnu:^li cement, I was surprised to find that gold wa^ Heldotn 
present m clo^e pioximuy to tiie porphyj\% ahliouixh the ciunhtions 
of bed !0^'k favorable. Tln^ iiidica‘'ed tlidt there had been a 

pu\%erfu! advent of gold pre^^ent Thi'' fintiier ^hown by coar&e 
pieces of 2:oid, which, though feimdar in shape to others, had ex- 
changed the snu)oth5 worn surface tor the corrugated surface known 
as oxidized, and prtH-luced by subjecting the metals to the action of a 
solvent The^'C pieces, howevei, hhowal none of the iamificatioB.s or 
planes ordunrily seen in cry&taliized metals^ 

Since the solution of silver must have been confined, to a certain 
extent, to the •surface, I made ‘^oine tests to determine whether smal], 
thin pieces of gold which had proportionally the greater surface, did 
not contain lebS silver than the coarser particles. 

The following assaj s were obtained • 

I II in IV 

Coarse gol<3 Coarse gold Fine gold Gold bullion. 

Gold, 893 917 915 

Silver, . . * . .098 107 .083 .085 

The bullion was produced from the same mine as the other speci- 
mens, and is reduced to the pure alloy for comparison 

'While It IS to be regretted that more specimens were not as'^ayed, 
the theoretical result is obtained as indicated, the bullion being a 
mean between the two extremes, as is likewise natural. Under the 
given conditions we should expect that the gold could not, by any 
possibility, have retained its original content cif silver, and in this 
connection it will be interesting to compare the relative proportions 
of gold and silver in the bullion produced from the ditterent portions 
of the Homestake vein. 

The figures were given me by my friend Mr. George H. Hewitt, 
whose employment in the metallurgical department of these mines 
for several years is a sufficient guarantee of their accuracy. 

They cotnroence at the Homestake end of the vein, giving the 
bullion assays of the various mines upon the vein in regular order, 

Homestake Highland Terror D«(adwood De Smet 
Gold, . . . . 820 8S0 .825 850 820 

Sliver, . . .170 165 .160 140 170 

It will be seen at a glance that the proportion of silver is much 
greater than4n any of the plainer speemrens exanained. To make the 
proof of the above propositiao conclusive, it should be shown that 
the surface of the gold contains less silver than the interior, at least 
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io the larger grains, I endeavored to deiemine this pointy but failed 
toobtaui any result owing to lack of tune As to the of the 
gold particles, I have seen larger pieces in the Homec^take quartz 
than any that I have known to come from the cement. 

While the facts thus fur seem to be in accord with tlie position 
taken, we have another source of proof, in that we find in these same 
conglomeiates, gold which has undoubtedly been precipitated from 
solution in adii 1 have several times split open pieces of decom- 
posed talcose schist, and found in the cleavage plane a continuou 
thin film of gold. These schists, owdng to their porous nature, wouf 
easily have yielded up this gold to a solvent, and they were not of 
the character which generally contain gold in the veins. Moreover 
the schist underlying one of these deposits has been found to carry 
sufficient gold to pay for ludHng, although after a depth of 10 feet 
has been obtained, it seems to give out. Specimens from this locality 
show the gold m thin flakes, seldom coarse; and pan tests show the 
gold to be fine like dust. On the otiier liand, where the slate has 
been veiy soft, cement gold will be found to have worked down into 
the crevices for several feet It can be washed out in a pan from the 
fragments without crushing, and then appears like smooth brown 
gravel, so continuous is the coating of red oxide of iron. In addi- 
tion we have gold undoubtedly predpitatecl m the quartzites of the 
senes at a period much more recent, and this gold presents none of 
the characteristics of the cement gold. The indications derived from 
these facts seem to be that w^beh gold dissolved is precipitated again 
it does not ordinarily take the form of grains. We have seen tlmt 
tills cement gold remained undisturbed through a long geological 
period, and that it wa^.only set free by the erosive agencies which 
united to form the present topographical conditions. We can then re- 
gard the Potsdam sediment as a storehouse of the gold that it received, 
finally yielding up the larger proportion to the mining agencies of 
nature, and retaining the rest until the present time The question 
consequently arises — what became of the gold a second tune set free? 
The answer most natural points to the great Beadwood Gulch placer 
as the second resting-place of this gold. Once concentrated by the 
waves of the sea, it was a second time concentrated by the action of 
running water. The upper end of the Beadwood Gulch placer oc- 
cupied the space directly under the old gravel sheet, which I have 
indicated as stretching continuously across from the vicinity of the 
Hornestake vein. While from its location it would naturally have 
received the gold set free from the conglomerate above, there is also 
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po«:iHve evidence that if dul receive and preser\c it. An old placer 
miner t<^!d me that iiiu^.hof theaoid tiora the nppei end ot the gislcL 
had the bliell of of non similar to the cemyot gold, hiiL tlmt 

this became le-s frequent as the galch wa^ followed do\Mi While 
it IS po''^ib^e and piobahle tliat this placer la-cived gold in later 
times dueetfrora TheHomestako vein, theBlocktail piaccrin the next 
gulcii beyond entirely cut otf fiom that source by the ileop Dead- 
^voocl Guklg ami could zinc have roceived gold either in &ointion or 
mechanical] V atfei J3eadvvood Gulch was once commenced. l>afc it 
certaiolc uas once overlaid l>v the Potbdani placer, since rich cenieiits 
have been fonod outcropping upon eitliei sulej and in all piobability 
cili o£ it') placer gold came acio'-s by means of vave action and ocean 
currents, \\hde the underlying rock was as yet unbroken bv trnns- 
^’erse valleys. have seen that the Honiestake outezop wa.-. pro- 

tected hy a coping of porphyry after it had been waslicd by the 
Potsdam seas. At three points this has been cat away by erosion^ 
forming gulches which cross the axis of the vein. One of tho^e is 
nearly central, and the others are at either end of the outcrop. d.he 
amount of vem matter removed by this more recent erosion is meas- 
ureil by the vacant space below the porphyry line, with some allow- 
ances for undulating surface. These lateral gulches have also pro- 
duced much placer gold, and have received the debus from sonic dis- 
integrated cement deposits. Considering the richness of the Dead- 
wood pkcei’s, it seems extieinely likely that they ha\e yielded much 
more gold than would have been produced fiom the concentrations 
of the more recently disintegrated vein matter. Cement gold ore, 
such as I have described, is remarkably well adapted for stamp-raill 
treatment. The gold amalgamates readily, and yields an amalgam 
which retorts from fifty to sixty per cent, of bullion, or noaily twice 
the usual amount. I have saved iu an ordinary mill, not by any 
means satitefaetonly arranged, from 89 to 93 per cent of the gold 
content, as shown by a comparison of a tailings sample taken every 
few hours, with the total bullion return. In connection with a recent 
experiment m which hammered gold showed a repulsion to mercury, 
it has been remarked that the stamp-mill may make a los& of gold 
through this cause. In cleaning up the mortars after milling cement 
Orel have obtained hundreds of flattened grams of gold, but have 
never seen one that was not amalgamated upon the surfaces flattened 
by the action of the stamps. 

If we now endeavor to group together the facts noted above, it 
does not seem a difficult undertaking to form a Instory which sliall 
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guo a ration i! account of the siiccc^^^ive geological changes winch 
took place Fust we ha\c the piuof that the gold vein.s and the 
contained gold wtte in existence^ in much their present condition, 
prior to the Potsdam peiiod Then we have the PoHdarn seas wash- 
ing away the debris i exulting fiom the di^integiation of the quartz 
vcinsj and depositing it in deeper water, in aGcnrdaiice wnth its vari- 
ous specific gunities At the "ainc tune the gradual wave action 
eairied the gold to the bed rock in the same manner as it is settled 
in a niiiiei^s pan Ihc Iloniestike voin^ by teason of its greaiex 
durability, fonned a leef oi low island, which never became deeply 
>sabnierge<i After a time these sediments became insular, and as 
such lemamed undisluibed, giaduallv becoming cemented into rock, 
until the recent eruptions of porph}iy took place, auismg intense 
local metamorphie action The gold, which up to thw time laid suf- 
feied perhaps a loss in silver only, now became itself pcUtialiv dis- 
solved where the solvents were sufficiently powxiful, and was again, 
at hast paitiallv, piecipitaled as thin films m the sidusts below 

Once more a jieriod of rest occupied the time, until the erosive 
action of i'resh-water strtMnis cut through the uppei strata and began 
to disintegrate the matrix of tlic gold, and aftbided matoiial for a 
new concentrating piocess, Disuucgiation and concontiation have 
been going on until now", wdien the hand of man has hastened the 
work of nature* 

This gold from the conglomerate, wdnch found its way down tlie 
slopes to the gradually lowering bottom of Deadwooil Gulch, wxts 
joined with new supplies brouglit from the Homestake vein through 
lateial gulches, ami the result was the great Deadwood ]>laeer That 
in Blocktail Gulch, how^evei, i w ived no new accession, and remained 
a placer which had rec'eived its gold enfeiiely fiom the Potsdam sedi- 
ment. 

The gold that I have described as being precipitated with the 
cement gold Joes not occur ui sufficient quantity to be of importance ; 
but several m.iles distant gold occurs in the same foimalion in con- 
siderable quantity, and witli such characteristics as to justify its being 
classed as a chcnucal constituent 

This locality is Lnowm as Bald Mountain, and comprises an ele- 
vated area of several square miles, through which quite an extensive 
mineral i;3atK)n has 1aken place* The same geological featuiote aie 
here met with that I have alieady deteciibccl; a ba^e of schists, upon 
which arc typical quaitziteSj from which the bcdimontary character 
hUvS been almost obliterated by nietatnorjihu* action Those arc 
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penotratofl in ev^ry direction by porphyritie dikes, the overflow of 
which in places, formed high peak-s. There is generally a small 
stratum of conglomerate nevt to the schi'^tj but the sediments were 
generally quite fine. Through the area mentioned oies of gokl and 
silver are quUe common, although I do not knon that their treatment 
has as yet proved to he a financial miccc'^s. The ores seem to he im- 
pregnationSj and not coiihner! tu \eips with \rel!-defined walls In 
fact, true vein quartz is raic, and I am not sure that I have seen any, 
although some of the qnaitzite would be taken for quartz if examined 
Without a knowledge of its occurrence The silver occurs as chlo- 
ride, more rarely nativ^e, and is confined to the small fissures through 
the rock. Copper stain is also common Gold occurs native, but ni 
so fine a state a- to be seldom visible, I have noticed it as a brown 
sponge in cavities in the quartzite, and with no metallic appearance 
until compressed with a knife, when it immediately assumed the 
lualtre and color of gold. These cav ities are very comrnoii in the 
quartzite, and are geiinrally lined with small quartz crystals. 

The ratio of gold to silver is variable, and ranges from a small 
percentage of the total value to half Continuous bodies of rich ore 
seem to be rare, although specimens giving high assays can easily be 
obtained. From its appearance the sp'^nge gold described should be 
nearly pure, but I have never been able to test it^ At the time of 
my observations, which was several years ago, the developments 
through this region were very limited, and I was unable to form con- 
elusive opinions regarding the character of these deposits. Certain 
facts seemed to be pointed out* First, that the metallic constituents 
seemed to be segregated along certain horizontal strata, through which 
there seemed to have been le&s resistance to the passage of the mmerajl 
solutions; secondly, that in these planes there is a concentration along 
certain vertical planes, which planes are the contacts of the quartzite 
with porphyry dikes Almost all of the openings showing ore con- 
form iri a degree to these two conditions. I have sampled portions 
of decomposed porphyry which were very’' rich in silver, and gold or 
silver seemed to be found in almost every opening made along a cer- 
tain plane within certain limits. I have also examined these dikes 
below the contact of the quartzite and schist, and found them, to a 
certain extent, lines of mineral segregation. It therefore seems doubt- 
ful whether the metals came from below, or were derived by segre- 
gation from the sediments themselves, I am inclined to think that 
both causes were m operatioiL In one place we found that the lower 
sedimentary stratum was highly charged with oxide of iron, and that 



S031E BflCUXJAniTlEB OF GOLD IN KOMH CAEOLIIS'A. 475 


a i^amplegave over twenty dollars m gold per ton. although it was so 
fine that no gold could be c!>tained io the pan, an almost unnersal 
chaiaetenstio of these ores, and one which barb the use of the bunpie 
stamp-mill without amalgamating pans for reduction 

In other portions of the Hilljs argentiferoub head ores have been 
mined successfully from the^e quart/ites, and pie^ent interesting fea- 
tures which do not properly come vvithin the scope of this paper 
The iiiineializatioiis of this character are probably of the age of the 
porphyry eiaption«, and fioni a scientific standpoint are exceedingly 
interesting The subject is one needing nnuh moie attention than I 
have been able to give^ and aa a reason for the lack of information 
upon many points treated of m this paper, I can only say that the 
facts I ha\e presented xyere not obtained in the eour^e of a systematic 
investigation, but incidentally while engaged in constant profesbional 
work. 


SOME PE0VLIAEITIE3 IN' TEE OCCVBEENCE ON GOLD 
INNOBTH CAEOLINA, 

BY PEOF. >V C KEIIE, STATE OEOLOGIST, RALEIGE, JT. C. 

The distribution of gold is obviously much wider than is eon> 
monly su}>po&ed. Besides the ii^iual matrices, vehicles, or associates, 
such as quarts, pyritc, chalcopynte, etc, I find it occurring in quite 
a range of common rocks. For example, at the Rhodes mine, in 
Gaston County, a body of 9 to V2 feet of decomposed, Iight-gray 
gneiss was worked together wuh^ the strings of quartz, and yielded 
from SIX to ten dollars to the ton. 

A mine in Moore County yields its gold mainly from a feldspathic 
schist 

In the famous King’s Mountain mine, in Gaston County, the gold 
is obtained not only from the seams of quartz in a blue, hydronruca^ 
ceons schibt, but a 60-foot ledge of grayish-blue, fine-grained, schis*- 
tose hnxestoiio is qnariied out bodily and sent to the stamps. It is 
gold-bearing throughout. 

In Montgomery County the singular concretionary, conglomcritic, 
quartzite schist, which contains Emmons’s jpa/c&offoc 7/?^, is gold-bear- 
ing over wide tracts of country. This fact was noticed by Dr Em- 
mons. Bat a still more stiiking and significant fact is, that a large 
part of the gold of ^Montgomery, Davidson, and Randolph counties, 
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on the MRiters of the Yadkin and Uharie river.s, is contained in ledges 
of thin-bedded quartz slates, often p 3 *rop!iyl!itic or feldspathie, uikI 
frequently sealv" and micaceous. 

Tiie I'aiige of noted mines extending twenty miles nortliward from 
near the mouth of the Uharie Kiver, inoluding tlie Russel!, Beck, 
Laiighlin, Jones, and others, come under the description just given. 
These slates, shales, or schists, stand almost vertical, and are gener- 
ally decomposed to a considerable deptli, 20, 40, or 50 feet, and are 
excavated eii mmsej generally with pick and shovel, sometimes through 
a eross‘section of several hundred feet in length, and the whole mass 
is carried through the stamp-mill and rocker. . 

Tlie accompanying diagram re{>resei}ts the last-named mine in 
cross-section. It is simply an open cut in the side of a hill^ oO to 70 



feet high, formed by a ravine which has cut across the strike of the 
formation. The workable strata, bet^veen a and a, differ imper- 
ceptibly from the bounding rocks, and they pass insensibly into each 
other, the oiUside strata becoming gradually more heavily bedded, 
hard, and quartzose. Within the worked area there are lean strata, 
that are harder and thicker, and more quartzose or cbloritic, as at 6, 
h, b. At d a portion of the strata is charged with a fine-grained 
py rite, that sometimes constitutes a large percentage of the rock Jor 
2 or 3 feet in thickness. At o, o, c, portions of the strata are crusted 
whh ferriiginous scales and limonite, resulting from the decomposi- 
tion. OL pyritous masses of slate. This. mine may be takeh as a type 
of an extehsi.ve zone of mines, that extends even be}"ond the Yadkin 
and into vSoiith CYroIina^ including the \vell~known, jBrewer mine. 

Within a few months past I have, found that the gray, npich- 
joiiited quartzites and felsitp of the Huroniau hills on the eastern 
side of the great slate belt, carry g workable percentage of gold 
through masses of gneat extent 

Gold has also been found by Mr. Ifanna, of the Chaie^lotte niint, 
in a trap-dike that is to be seen in that vicinity. 

From the facts here givoiq it would, seem tlnat gold is so widely 
diffused that we may expect to find it in any kind of rock. 
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THE OEYSTALLISB HOOKS OF TIEGIXIA C03IPAEED 
WITH THOSE OF XEW EXGLAXI) 

BY PBOr C, H niTCnCOCK, STVTE GEOLOGIST, N IT 

A BRIEF resulence m Virginia has enabled me to examine some of 
its ci}‘-talhne stiata, and a ft^w hints, concerning their correb])ond~ 
ence with similar rocks elsewhere, may be of sor\ice to those who 
aie studying them. 

In comparing the cnstallme rocks of Viiginia and New England, 
we rnav first recall thesimilantv of their geographical position They 
constitute a eoiitiiuious belt, being traceable thiough tlie Highlands 
ofNew York and New Jersey, Soiitheabtern Penn&yhania, in the 
counties of Bucks, Montgomery, Philadelphia, Uelawmie, and Ches- 
ter, and Maryland. Thus the Green Mountains of Vermont and 
the White Mountains of New Hampshire seem to be topogiaphtcaliy 
continuoub with the Blue Ridge and Midland distnets of Vuginia 
Tiub tract of country has been termed the Atlantic area in distinction 
from the Appalachian territory, w hose eastern limix is thegieci 
Low <*r Silurian limestone vallev extending from the St Lawience and 
Champlain valleys to Alabama. The Appalachian formations weri' 
studied by the brothers Rogeis, forty years since, and found to resf 
nnoonforinably upon the western flank of the Blue Ridge, the oldest 
of the series' adjoining the gneisses, followed \vcsterly by the other 
Palieozoic membeis in a legular ascending order, to whieji nimioi ical 
designations were applied — Number 1 being the Cambrian, Number 
2 the Tjower SilunAn limestones, etc^ In Vermont the same con- 
clusion was presented in the State reports the Green Mountains 
were said to possess the anticlinal stiuctiire, and to underlie the 
quartzites and hmestoues luasinuch as this Atlantic area is topo- 
graphieally continuous from the Middle to the Northern States, and 
IS unconformably overlaid upon the west side by the same succession 
of strata, the picsumption is\cry&tiong that the history of both 
sections ha*^ been the same, and that the entire area is of Eozoic 
age. 

Cross sections, in both districts, illustrate the existence of gigantic 
overturns, causing the strata of the Appalaehian region to dip 
towards the Atlantic gneis'^es. To the beginner it would ap|>ear 
that the Silurian groups must dip beneath the crystallmes, and 
hence many of the geologists iu the beginning of the study of the 
stratigraphy of this eastern border of the continent believed that 
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the Atlantic gneisses were newer than Eojzoic. On\\ who have 

worked in thi^ei /stalline region canapp’oeiate the magnitude of the 
ob-taclc' presented hv the well-nigh universal pres^alence of erione- 
ons views. For tlurtyyears an e\aggeration of the metaraotphic 
theorv spread like a blight oiei the 'stnfh of tlie oldei rocks We 
now understand, both iii Vermont and A^irginia, that the Potsdam 
quartzitefe are newer than tUe ci v^^talhoe anei^scsto the east of them, 
both because the hagaif^nts of ihe former have been derived from 
the (hsintegrat’on of tho latter, and because the discordances of strat- 
ification, exhibited at Sunderland, Vermont, and Balcony Falls, in 
A^irguiia, cannot be otherwise explained Though long an oppo- 
nent of this view, Professor Dana now accepts the doctrine of the 
greater antiquity of the Green Mountain gneisses, when compared 
with the Potsdam quartzites on their western flank. 

WJnle tlie sequence of the Palseozoic column has been satisfactorily 
worlse<iout in Virginia, little attention has been paid to the order 
of the ^ystalhne series. First of all, it became clear that Logaids 
suggestion of the sepaiation of the Eoztnc into Lanrentian and Ha- 
roman \\as appluuble to the east. This was admitted by H. D 
E^>gers in 18o8, iwing the terms Hvpozoic and Azoic, m^stead of 
the geographical terminology. We can now subdivide the'^e groups 
still further. The propose^! institution of a Labrador or Noiian sys- 
tem fdil«^, because thei ocks, thu'^ (lihtinguished, are of eruptive origin. 
Ill Jfew Hampshire we find at least four well-marked subdivisions 
of the older series ; (1), porphynticgnceiss^pi) protogene or Bethle- 
hem gneiss, ordinary or Lake Winnipiscogee gneiss, and (4), 
the Montalban. In the absence of detailett studies of the typical 
Laurentian areas it is impossible to know whetfrer similar divisions 
can be recognized m them. From imperfect data we have concluded 
that the oldest, and qiossibly the first three, of the New England 
groups, represent the Laiirentfan of New York and Canada. The 
JMontalban is more evidently an independe'nt system, 

Tlie Green Mountain gneisses are related to the second and third 
of the New Hampshire series. They are repeated by folds in South- 
ern Vermont, and overlie the porpbyntic gneisses along the western 
border of New Hampshire, in the Connecticut Valley — the older 
system lying east of the newer one. The same order i$ perceived 
along the James River Valley, in Virginia, At Balcony Falls and 
further east, the gneisses are like those of the Green Mountains, 
Where the Tobacco Row range has been cut through, the porphy- 
ritic gneisses show themselves, though not abundantly. Jfetween 
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these ridges an a^gillitic schist shows itself^ which Professor Camp- 
bell legaids as a part of the Lauren tian As this kind of roek has 
not ii&ually shown itself so early, I woiiki raise the question whether 
it will not be found to he m a s} nolinal trough — possibly inverted — 
upon the gneisses, and to be of Huronian op Cambrian age 

This porphyrltic rock is not seen m the next section of the Blue 
Piflge, along the Korfolk and Western Railroad, to the southwest 
of Lynchburg. Near the dividing ridge the Peaks of Otter show 
tliemselves conspK Qonsly Tfiese so elosel} re-'emble some of the 
]New England eiuptive granitecone^ as to suggest a like composition 
and oiigin. Quite near them on the railroad! I observed a coarse 
syenite, which may possibly be connected with their mass* 

The Hiifonian seems to occur in long narrow strips, inclosed by 
the gneisses, and possessing a complex synelmal structure* Whei^e 
the strata are monochnal they should be resrarded as an overturn 
synclinal. Typical schists of this system, with the included minerals, 
are repeatedly described in Rogers^h reports. At first it was thought 
that only the tiioo«e,"^ or ^oft greenish h\dro-mica schist with the 
steatite and ^^erpentme should be referred to this system. But later 
studies and comparisons make it necessary to add gieat de\elopments 
of argdlitic quartzites and mica schist, as well diabases and proto- 
gene^, to the softer schists both in New England and Virginia This 
step will lelieve tlie otherwise exeesbive reference to the Cambrian 
of many unfossiliferous terranes. In New England the softer schists 
are rarely found east of the Connecticut-Mernmack water shed. A 
similar area is that which is crossed by the Virginia Midland Rail- 
road east of Manassas, and to the southwest of Charlottesv ille. Tlie 
same.or similar rocks are traversed along the Norfolk and Western 
Railroad, between Lynchburg and Thaxton^s Station, It is also 
largely developed east of Ljnchburg, along the Richmond and Alle- 
gheny RaiIroa<h 

Another rock, more suggestive of Huronian than any other Eozoic 
or Palseozoic affinities, occupies the south part of Montgomery 
County in the gold-region of Brush Creek, skirting Pilot Mount^un — 
the western fork pf the Blue Ridge. The rocks are coar'se proto- 
genes, cut by large auriferous quartz veins. It is certainly three or 
four miles wide, with a less dip to the east than the Cambrian quartz- 
ite of Pilot Mountain. My explorations did not extend far enough 
to the east to explore the gneissic rocks of the plateau, which are, 
probably, Monlalban, and connected with the lofty Black Mouu'- 
tains of Western North Carolina. 
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Between PJot; Jlcuntaiii and Chii^hansbiudi a great thicknc«3 

clatp'^ and spairy Imie'stones is e\pO‘'ed, Asli^eh eorre‘^]>oiid ^oiy 
do^elv to th^ Taeonic svstern of E'urnons, de^elor)ed in Eastern 
Ifew York and Western Vermont They ere refei red to formation 
Xo 1 by W B Rogers. 

It uoulJ seem probable that the bioad Huroman belt bet'i’s-een 
Washington and H.irperV Perry oa the Potomac, uhich continues 
southwesterly past the James River, according to Professor Jon- 
tame, will still be found to oceupv the ground all the way to ^«orth 
Carolina As the Blue Ridge divides near Roanoke, and the 
brooches extend through North Carolina into Geoigia, it will be in- 
teresting to know whether the jHuromaii acconipaniete the Cambi iati 
slates and quartzites. Inasmuch as copper and gold follow these 
ranges, the solution of the piobiem will have important practical 
beaungs, and wdi also show whether the Montalban is infenoi to 
or superior to the Huron lan Large Laorentian areas may be looked 
for m the midland Virginia district. 


SOME DBIFT HEMATITE DEPOSITS XY EAST TEIFMBSSEE. 

BY EDWABD VXCEOLS, BIDOE TALLEY, OA* 

These deposits, which arc found in James County, Tennessee, differ 
both in their mode of occurrence and m their chemical constitution 
from any other ores belonging to the same geological horizon which 
are known to the writer. Taylorib Ridge, or White Oak MountaiD, 
is a long monoolinal ndge, which starts from a point near the Ten- 
newe River m Meigs County, and, following a sou thwest course, 
extends unbrokenly into Cherokee County, Alabama, where it finally 
di^^appears It is made up of strata of the Upper Silurian looks, 
winch dip to the southea-^t. To the eastward of this ndge, which 
IS generally several hundred feet high, are a senes of low foothills 
or knobs, composed of Clinton shales carrying seams of fossilifeious 
hematites. In the neighborhood of the East Tennessee, Virginia, 
and Georgia Railroad, where it crosses the ridges, considerable ore 
has been rained from these seams during the past ten years. Most 
of the workings have been superficial, and the ores mined, with one 
exception, carry a siheious and non-calcareous gawgue, and contain 
from fifty to sixty per cent, of irOn. 
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Id this iieighborhooc there are three parallel ranges in which 
these seams of ore aie iOundj the distance between them being about 
hall a mile. While the geological structure of each of these senes 
is no doubt identical there is a surprising difference in the quality 
of the 01 found in them, 

Lj mg on the eastern slope of the foot hill nearest Taylor^s Ridge 
are the deposits to which attention is here partmularly called Two 
closely parallel seams of ore, ^\hose character is siiown in analyses 
III and IV; given below, are found outcropping near the summit 
of the same lull. The ore at the base shows itself at the surface in 
iiregular patches in the form of well-rounded gravel and small 
boulders. The underlying soil, which is a ferruginous day, has 
similar ore mixed through it to a depth of from six to eight feet, 
and it is in sufficieat quantity to be profitably worked. In appear- 
ance this ore has a reddish-black color and its structure is quite 
dense and apparently impervious to the action of meteoric solvents. 

Its chemical condition is, however, such that it is difficult to con- 
nect it with any of the neighboring fossiliferous seams from whence 
it IS likely to have been derived. The following are analyses of the 
gravel ore and of the neighboring ore seams: 


Number oi> Sample. 

FliOsplioril& ^ 

Silicious matter 

jMetalhc iron 

I, . . 




1135 

59 06 

II, . . 




10 63 

62 72 

III,. . 




23 40 

54 54 

IV, 




16.15 

63 69 

V, . . 



0 203 

17 50 

63 26 

VI, . . 


• * 

0 240 

16.80 

6i 96 


I and II are gravel ore; III, silicious ore from seam near I and 
II ; IV and V are limestone ores from seam close to III VI, ore 
from seam one mile west of the gravel ore. 

From analyses I and II it will be seen that the distinguishing 
characteristic of this dinft ore is its richness in iron and freedom 
from phosphorus, making it available for the manufacture of Besse- 
mer iron No record can be found of any Clinton fossiliferous ore 
containing as small an amount of phosphorus in proportion to the 
iron. 

Analyses III, IV, V, and VI^ show so much more phosphorus 
in proportion to the percentage of iron that it seems improbable 
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thot drift ore — fur sueh it undoubtedly is’- — could have been 
deruYl fruai theai, 

Uu fortunate]/ thd extern of these clnft rlepoi3*ts sseenis cj^uite lira- 
ited, f they ivould be particiilailv vaUiable in tbito re^ioii^ which is 
siotu'jlU dciiGieut in rich Bo^^etuer orca. 

O 


ox lllE OOXFAliAl IVE EFFICIEXCY OF FAXS AXB 
FOhITLYE FLOWERS 

BY H :M: HOWE, A M , M E , BOSTON, HIASS 

Ox commencing the construction of the Orford Company's cop- 
per suielring \AorkSj at Bergen Point, N. J., I endeav^ored to <■* 011 *“ 
\ince our Piesident, Mr W E Eustis, bj actual te^ts, tliat at 
the jire^uro of from 15 to 18 ounces per squaie inch, employed by 
ii«- in smelling, less power was consumed m delneiing a unit of 
blu'^t b> a Baker blower than by a fan blower. I attempted to prove 
this m the following manner: Across the mouth of a No. 5| Baker 
blouer I firmly fastened a board with two round holes, 6 ipohes in 
diameter, cut in it. The board was fastened so tightly that no air 
could escape except throngli the holes. I then drove the blower at 
several different speeds, observing the pressure at which tlie air es- 
caped through the two openings for each different speed of the 
blower, and also indicating the engine, whose only work at that 
time uas to drive the blower. 

From this I calculated the quantity of power required to deliver, 
with a Baker blower, sufficient air to keep the pressure at a given 
point, wlnle it escaped freely through the two six-inch apertures into 
tlie open air; or, id other words, to deliver air at a given pressure 
tlu'ough these two openings. From the total power so consumed it 
was, of course, necessary to deduct the powder wdilch was required to 
drive the engine itself. This ^vas ascertained by removing from the 
engine the belt which drove the blower, and then noting the quantity 
of power consumed in simply tuining the engine over without any 

When thib paper w as read it was stated that the writer hoped to add to it the 
rcbiilts of further experiments on the Baker blower Since then he has experi- 
icented on two almost new Baker blowers at Pelton, Arizona The results so ob- 
tained merely strengtiicn the conclusions previously arrived at, and have, therefore, 
been incorporated in the paper, reudeiing it slightly fuller than when ongmully 
read. 
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loadj dt tbe speed it had wlien diiving tLe hlower The re- 

muinder gave, appiosiiiiatcly, the power coiisiimecl by the blower 
itself I say approximately, becauhe undoubtedly the engine coii- 
sumed diglitly more power m the mere act of turning it'-elf over 
when dri\ing the bio^\er than when iuniisng without any luady since, 
in the former ca^e, the engine shaft was, of course, heavily fctiained 
agaiobt its bearings by the teusioo of the blow^er-bclt. 

Those tests w’ere made on a new Baker biow^er at the maker’s 
works. 

I next applied the same te^t^ to a small Hawkins fan, which 
had boon very roughly handled by unskilled mechanics, and had 
been strained by being driven at a speed and piessiire for which it 
was not calculated. To my great surprise, on comparing the results, 
the little Hawkins km had actually required less power to do the 
same work than the Baker blower. 

The lesults of the&e te^^ts are represented graphically by the lines 
on the accompanying chart, in which hoiizonlnl distances from the 
origin represent the presHire of the blast, and vertical dI^tances the 
power consumed in delivering it Each of the lines represents the 
results of tests made on one blower, and wdth a fixed number and 
size of orifices. These lines, to repeat, indicate, by the distance of 
any particular point on them from the line 0 the pressure ob- 
taineci at anyone observation, and, by its distance from the line 0 F, 
the power consumed m deliveiing the blast, at that pressure, through 
one six-inch round opening. Although in the tests fiom one to six 
such openings were used, the resultb are all reduced to the power con- 
sumed pel one six-inch opening to facilitate comparison. The num- 
ber of openings employed w^as the same for all the observations which 
are represented by any one line. The line at the bottom of the 
chart shows the results obtained with the Hawkins fan, and 

the hnc next above it gives those of the Baker blower. There is a 
fuirly uniform margin in favor of the Hawddns amounting to some 
ten per (‘cnt. 

The lines at the left hand of tlie diagram give the results ob- 
tained with twm No. 4| Baker blow^ers at the Pima Copper Mining 
and Smelting Company's w^orks, at Pelton, Arizona. One of these 
(slightly the least efficient of the two) had been used only some three 
hundred hours, and was apparently in good condition. There seemed 
to be an excellent fit between the parts, and I am at a loss to account 
for the very low efficiency of the machine. At the highest speed 
considered safe by its makers, it could only raise the pressure of the 
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air efccapni^ through a 6-incli round aperture^ to 5 oz. The other 
Baker blouer at the same \^orks, thousih consuming slightly less 
pauer, vas unable to raise the blast escaping through a 6-iiieIi rouiKl 
aperture above a pressure of 5 oz , at nearly the highest safe speed 
(1S4 revolation^^j 

It will be obseivfcd that (as with the Ko. 10 Sturte%^ant tan), the 
consnniptieii of pov^er^ per un^t '■>f aperture for a given pressure, is 
slightly higher with a small apcrniic than with a larger one, the 
line giving the re^sults obtained with a 3-inth round orifice l>eiug 
nniioi inK a little higher ihan that show ing the results obtained with 
one 6 mchcb iu diameter. 

Let us now examine the four lines, exhibiting the results ob- 
tained With a Xa 10 Still te%^anfc fan blower. The uppei line shows 
the consumption of poorer by this blower per six-inch opeoing at 
various pressures when the fan deliveied air through only one such 
opening; the next hue shows similar results, when delivering air 
tinough two such openings, the next the results with three openings, 
and the lo'vest with six. 

Here the consumption of power, per unit of air delivered, is much 
less when the fun delivei’S a large volume of air, than when it de- 
livers a smaller volume. Thus we find that, for the same pressure, 
the consumption of power is nearly twice as large per unit of opening, 
when only one opening, is employed, as when there are three open* 
ings. It therefore appears to be more economical of power, to work 
this fan well up to its normal capacity, than to run it much below 
its capacity. This is probably the reason why the little Hawkins 
fan shows such high efficiency, as it was driven much nearer to its 
maximum capacity than the other fans were. 

The speal of the engine, and therefore the speed of the fan, was 
almost exactly the same in the tests of the No, 10 Sturtevant fan for 
a given pressure of blast, whether one, t^vo, or three openings were 
employed. Observations were made also with four and five open- 
ings, with results parallel with those here recorded. 

The observations of the No 10 Sturtevant fan were all made in 
triplicate, with very closely agreeing results. In some instances 
there was a discrepancy of less than 0.1 per cent, between the dif- 
ferent observations. 

Comparing these results with those obtained with the two No. 4| 
Baker blowers, it will be observeti that the capacity of the fan greatly 
exceeds that of its rival, as regards volume, and as regartls pressure 
when any considerable volume is delivered j as for efficiency, the 
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consumption of pouer per unit of opening is ouiformly about five 
times as great for a given pressure with the Baker blower, as with 
the fan, when the latter is working anywhere near its normal capacity, 
Bven w’hen this fan is delivering bat a sn ail fraetioa of its normal 
capacity (the air escaping through a single 6-irieh orifice) its con- 
sumption of power, per unit of work, is considerabiy less than one 
half of that of either of the Ko. 4 J- Bakers, for any of the pressures 
observed above 6 oz , and at lower pressures only slightly above one- 
half. 

The No 10 Slurtevaut ea«iily fills five rimes as large an orifice at 
16 oz , and four times as large an onfice at 15 oz pressure^ as either 
of the No. 4i Bakers does at 5 oz., the cost of the former maehine 
being about one-third of that of the latter. 

At the heads of the two arrows are given the results obtained 
with a No. & Sturtevant fan. The upper arrow shows the consump- 
tion of power when delivering air through one opening; the lower 
arrow, the consumption per opening when delivering through two 
openings. The difference between the consumption of power per 
opening for one ami for two openings Is much less for thib fan than 
with the No 10 Sturtevant. 

Another line shows the results obtained with a No. ^ Root blower 
at the Massachusetts Institute of Technology, The observations 
on ihib blower (as well as bn the several Baker blowers and 
the (y ” Hawkins fan) wwe made w»th a mercury pressure-gauge, 
of the ordinary. U form, which does not admit of close readings. 
This probably aceomits for the sharp bend in the muklle of the line. 
The observations on the No* 10 Sturtevant fan were made with a wa* 
ter-g?uge, U shaped, which permits a very much closer reading. Ac- 
cordingly, we find the lines, which reemd these observations, much 
more nearly straight One of them would be made perfecllj straight 
by an alteration of about i-omiee in one observation, and ^^-ounce in 
another, or by a difference of ^ horse-powder in the two dibcordant 
readings Considering to what extent the conditions necessarily 
varied during the trials, these results come as near to a straight line 
as can be expected. 

The No J Root blower had not been used very much ; it Is only 
oeca'^ioually employed, when the little experimental furnace, which 
it ^^upplies, is used, Jt is in a rather favorable position, and inr 
careful hands; yet, the results of these tests, which were made in 
triplicate, show that it consumes from two to three times as much 
poN\er as some other blowers. 
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The black dot, ineloM:d in a circle, shows the con-*umption of 
po\\er h\ an expei lojentul fan Ido^ver, which ib nearly three t^mes as 
great that of the G Ha\s kins 

Let us nou coii»ulei some of the advantages and disadvantages 
of tOe^e tau classes of ulouer'-, — fans anil positive blowers. In fist 
cost, the fill has vei\ gieatly the advantage I should say z^onghly , 
that, lor the Mime capacitv^ the Bakei blower co^ts about four tunes 
as much Cb a ian In tlio cost of lepairs, t!ie Baker, piobubly, has a 
slij^ht adv diitasfS over fins, as oidmanly Ubod, the wear and tear of the 
beiHii; quite evpcut'.ve Btifcl do not think this is at all neces*' 
sun . At Bergen Point \\c hav e delivered as niucli as 100 horse-power 
ro one ihii, and we hardly ever have any trouble with the belt. Ma- 
Lcii. of fans have paid great attention to getting smooth-ninning bear- 
ing'!, but, until veiy lately, thev have ahvajs, as far as I know, put 
on ridicnloiNly small pulleys, both as regards diameter and width. 
The con-eqiience L, that th6 bells aie generally ovei^traiued, last 
lot a short while, and break at incoinenient tiraes- 

Ifthe width and diameter of fin pulleys were both doubled, and 
one good bioad belt were used, the wear and teai would be iosig- 
lufcant Our e\perienee has been, that one broad bolt lasts much 
longer than two slightly murower ones, and I should never think 
of having a fan run with two belts.- Again, belts should be made 
eontuiurms When riuiniiig at a speed of IJ miles per minute, as 
our fan-belt does, and transmitting a heavy strain, I do not believe 
that lacing, hooks, or any similar kind of fastening,, can be made to 
stand the blow which it reeeis^es when it strikes the driven-pulIey. 
To wear well, tlie belts should be made in one continuous piece. 

Undoubtedly, much power is consumed in overcoming the cen- 
trifugal force of the belt at such a high speed, and in so rapidly 
changing its direction Mr, Eustis has proposed to overcome this 
objection to the use of fans by driving them bv means of a small 
turbine wheel attached directly to the shaft of the fan itself, and 
driven by a plunger pump actuated by the engine. 

A good Stiirtevant or Hawkins fan, with decent treatment, ap- 
pear^ to last almost indefinitely, and to work as efficiently when old 
as when new, I should think, from its construction, that the con- 
sumption of }>ower by the Baker blower would increase with its use. 
The efficiency of the blower depends mainly on having an accurate 
fit betvuen the central bladed cylinder and the two revolving cres- 
cents ^^dien the inaehme is new, there is certainly a most ex- 

feiknt fit, indeed, the whole workmanship of the blower leaves 
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nothing to be desired. But it seems to nif^ that when the bearings 
of the crescents wear, as \\ear they must in time, in spite of their 
great breadth, there mil be a tendency on their pait to separate from 
the cylinder, and, by allowing the air to slip back through the slit 
thus formed, to greatly decrease the efficiency of the inaehme. In 
careful handh, this wearing of the bearing of tlie crescents can he 
taken up. but in how many smelting works would it actually be 
taken up 

The fan need'^ more careful and consequently more costly attend- 
ance than the Baker blower. It must be well oiled, and with the 
very best of oil, and the belt must be kept ni the veiy be^t possible 
condition. The necessity of tliia moie careful hand hug for fans is in 
groat part due to the liigh speed at which they must run. In remote 
places^ where the bc^t of belting and the line ami costly osl^, nece*^- 
sitated by the high speed of fans, are difficult to get, and wheie the 
somewhat ruoie skilful labor they require is costly, this is certainly 
a serious objection. 

On the other hand while a Baker blower may be kept running by 
a man not sufficiently careful and inteliigcnt to keep a fan from pet- 
ting very seriously out of order, or even from becoming entirely 
disabled, yet 1 am inclined to think that considerably more skill 
and intelligence is required to keep a Baker blower up to its highest 
efficiency than so to maintain a fan. Almost the only things nec- 
essary to enable a fan to work most efficiently are to keep its> bear- 
ings thoroughly lubricated and its belt in good order. This must also 
be done with the Baker blower ; but in addition the position of its 
moving parts must be regulated with the very greatest rncety, to 
obtain its best efficiency (though, indeed, it cun be kept running, but 
most inefficiently, if this be neglected), and I believe that this ad- 
justment requires much higher intelligence and care than are needed 
for the proper maintenance of a fan. 

On seeing the large engines at the Oiford Company's \’iorks, it 
has been remarked that the fact that we used so much more engine- 
power per furnace for our fans than was consumed in "Western 
smelting works, where the Baker blower is in general use, showed 
that fans were the le^s efficient of the two. A little reflection shows 
that this is no prool' there being great differences in the conditions. 
In the Western smelting works, using the Baker blower, tiicy do 
not smelt more than 50 tons of mine per tvventy-four hours, m fur- 
naces of the same Bize as those in which we smelt from 90 to 100 
tons. They use very small tuyeres, and in general a low pressure, 
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and confeqi.Hntiy a vpiy sma<l voKira» of air. Wo tiSt- ''■•’ry 
tuyeres and a high nrf“^?ur<> From iVeq,’Jent compurisonv I do not 
think that v e are u-iiig more noiaer pei ui it of air dslJ/e' ed, though 

unqaifttbnably u%e mnrii moie per iuu.aee, and prchably more 

per unit of mino smelted. Aiij^ slight esee's of consumption or 
puwer per unit of mine is much mo? a then counteih-lanced by the 
gieat saving of labor efteoted hv smelting, a. ve do, ueaiSy double 

the amount o'" mine per furnace 

Again, it wordd probably be impossible to run brioK rtirnaces as 
we do for many months at a time, witi out tvater tujeresor any pi o- 
tection ibr the brickwork, an<l with highly basic and corrosive slags, 
if we did not emplov eiiortuous volumes of a>r at a high pressure 
This at the same time wholly prevents the formation of s'^hmanders. 
Without this excess of mr, and With our highly feiTug nous slags, 
.^alamarlders would inevitably form. 

These facts and considerations, while not sufficiently extended fo 
establi'^h, vet point towaids the following conclusions ; 

1. Fans and Baker blowers work moie efficiently at a given pres- 
sure when delivering large volumes (t. e., when working nearly up to 
tbeii niaxiinnm capacity) than when delivering comparatively small 
volumes Therefore, when great variations lu the quantity and 
prcssuie of bla.st required are liable to arise, the highest efficiency 
■would be obtained by having a number of blowers, always driving 
them up to their full capacity, and regulating the amount of blast 
by altering the number of blowers at work, instead of having one 
or two very large blowers and regulating the amount of blast I'y the 
speed of the blowers. On the other hand, this arrangement will 
often be a costly one, since, if fans aie used, a separate pipe for each 
blower w*ouId probably be necessary. 

2. There appears to be little difference between the efficiency of 
fans and of Baker blowers when each works under favorable condi- 


tions as regards quantity of work, and when each is in good order. 
But even new Baker blowers, when apparently properly handled, 
seem liable-to get into a state in which they require, even when per- 
forming the most favorable quantity of wprk, much more power 
than a fan does when working at its normal capacity, and even twice 
as much as a fan requires when -working at say one-sixth of its nor- 
mal capacity The fact that none of the fans experimented on 
showed any such abnormal consumption of power, goes to show 
that their efficiency is not so liable to such extreme and astonishing 
dflgeneration. 
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This is probably dne to the fact that almost the only thing which 
lo\\cis the efficif^ncy of a Tvell-madr fan on a norma! amonnt of 
work 15 faulty lubrication, which quicklv makes itself known by the 
heating of the joitrnak; while tiie eftciency of the Baker blower 
depends not only on the Inbrleationj but more especially oii an accu- 
rate adjustment of the moving parts, and there seems to be ao ready 
’way of deteetiiij^ e\en a serums inaecuifi'T in this adju^lmonr. 

3, While a degree of stupulity and eareles'^ness oa the part of the 
attcjidant, which Mould dsimage ot even disable a fan, might merelv 
lower the efficiency of a Bakci blower, jet, to insure a high degree 
of etficiency, more skil^ and care m the attendance are required by 
ii Baker blower than hv a fan. 

4, The cost of positi ve blowers is about four times as great as that 
of fail blowers having the same capacity at the presumes experi- 
mented on (from two to twenty ouneeb). 

5, The cost of repairs, insignificant for either class of blower, if 
properly designed and cared for, is slightly greater for fans than for 
Baker blowers. 

6 The general impression tliat, bj’ using Baker blow^ers, a higher 
blabt pressure is obtained in fonndiy unci cupola smelting works 
than can be pi od need by a fan is incorrect An onormuus volume 
of air (sufficient to fill fourteen 6-5iich tuyeres delivering into an 
open-burdened coke funvace), at a pressure of twenty ounces per 
square inch, is easily delivered by a single fan. The writer is not 
aware that. any cupola practice on this continent requires a higher 
pressure. 

7. The experiments on the Root blower tend to justify a general 
disfavor into which tins machine has fallen, due to the apparently 
inevitably bad adjustment of tlie moving parts. 

8. In adopting the general practice in the West of discarding fans 
in favor of Baker blowers, I believe that smelters have to a great 
extent blindly followed each otheris lead, and that the general dis- 
favor into which fans have there fellen is not justified. 

9. For a given speed of fan, any diminution in the" size of the 
blast orifice decreases the consumption of power and at the same 
time raises the pressure of the blast; but it incT'eases the consump- 
tion of power per unit of orifice for a given pressure of blast. 
When the orifice has been reduced to the maximam normal size for 
any given fan, farther diminishing it causes but blight elevation of 
the blast pressure; and, when the orifice becomes comparatively 
small, further diminishing it causes no sensible ele\ation of the blast 
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pressure, wliieb remains practically wnstaiitj even when the orifice 
is entirely closed. 

10 Many of the failures of fans have been flue to too low speedy 
to too small pulleys, to iaiproper fastening of belts, oi to the belts 
being too nearly veitJi'ab m buef, tiy bad mcelianieal arrangement, 
rather than ro inheren’; defects in the prine^plo^ of the machine. 

II. If several fans are u-ed, it lo piobab]} essentiui to high effi- 
ciency to provide a separate bla 4-pipe ibi ejcli hit Iea:?t d tlie fans 
are of diffeient suze or speed), uhile an\ luiniher of positKe blowers 
may delKer into the same pipe wilhom lowering their efficiency. 
In these eascs^ the higher cost of filust-pipe lequiied bv a gioiip of 
fans would generally be much more than counterbalanced by the low 
cost of tile fans themselves, as compared with positive blowers. 


ASSAYING OF SILVFB BULLION^ 

BY F C BLAKB, 3IANSFIELD VALLEY, FA, 

The apparatus which I shall describe m this paiier has been in 
use for some time at the laboratory of the Pennsylvania Lead Com- 
pany's works, and has been found to givti good results, and to be 
simple and convenient. 

Steam Bath — This steam bath is shown by Figs, 1, 2, 3, and 
4. It IS made of sheet eoppei, about one-twelfth of an inch thick, 



the joints being brazed, and is used for heating the bottles in which 
the silver samples are disKilved, pievious to the fineness deternnna- 


^ Head at the Ilamteburg Meeting, October, ItJSl. 
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tions by the Gaj Luspae volumetric inethofl ; for beatiug the flasks 
in ^\hich the gold parting is made ni bullion or other gold assay- 
buttons ; and for general analytical work. 

Fig. 1 shoves a plan of the bath. The oiifioes, marked a, are made 
of the proper shape to hold the silver as^ay bottles in an iucimed 
positioHj the necks resting on the raised flanges, e t\ There is de- 
scribed in Perc\’s \olhme on Gold and Sihcr, I, page 289^ a 
bath for heating silver a^^^ay bottlep. It ha& this disadvantage, how- 
ever, that the bottles bland erect, and there is a slight danger that 
some of the flne spiav ari'^ing with the evolution of iiitrous-ozido 
duiing solution of the siUer may be projected tiorn the bottle, or 
upon the stopper neck. When the battles rest in an inclined posi- 
tion, there can be no loss in this way. though the stopper neck should 
always be washed dovvn with di‘?ti]!ed water befoie adding the salt 
solution The orifices, marked 6, are u^ed for heating the small 
flasks, in which the gold is parted from silver buttons, the nocks of 
the flasks resting on flanges, tiFo marked ec The ordinary one- 
ounce flasks w'e find to be more convenient for gold parting than the 
special long flasks called parting flasks, especially in transferring the 
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gold to the small porcelain crucibles in which it is annealed in the 
muffle furnace. The orifices, marked o, are used for heating beakers, 
flasks, etc., — for geneial analytical work. They are covered by the 
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usual overlapping spun-copper rings. Covers are also used on the 
orifices for silvei’ assay bottles and gold parting flasks. 



Figs. 2 and 3 show two cross-sections at right angles to each 
other. The flanges above referred to are shown at e; / is the inlet 
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for steam ; dm o, strengthening diaphragm In Fig, 4, which rep- 
resents an end elevation, ff is the nutlet for condensed water, 

SfiAKiAG Engine— Fig ogives an dexatioa of a small upright; 
engine, which a nd, e, rnnning through the packing gland, d, m 
the iippei cylirder head. A box B, is screwed to the rod* o. This 
box Ts made to ]u>hl nine -^jK^r assay b(>ttle>. A piece of thick sheet 
rabbei m fastcicil npon ^"le bottom of the box. and also a sheet to 
the un<Jers)do of tlte cover,/. The cover,/, is clamped down tighily 



of iHtl tet 
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upon the bottles by the hinged holders, e e, which are held in place 
by a rubber band. In this way the bottles and their stoppers arc 
held firmly in place, and will not be disturbed by the shaking. This 
small engine, as arranged for shaking the silver assay bottles, was 
introduced by Mr. E. F Euricli, and has proved to be a great con- 
venience m making silver fineness determinations by the Gay Lii.^sac 
method. The battles are excluded from the light, and there is no 
dilBculty in obtaining a perfectly clear solution, when the bottles are 
shaken from one to two minutes. If more convenient, the small 
engine could be replaced by a crank, run from a line of shafting, but 
I think the engine to be preferable, and to be a great improvement 
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over hand shaking, or the shaking ease, as arranged with wspriiigs 
above and below the case. 

We have found that the Gay Lussac method of volumetric a«^say 
is the most reliable and convenient for determining the silver fine- 
ness of bullion, that contains but a small percentage of copper or other 
impurities. The Stas pipette i% the best form for convenience and 
accuracy The arrangements for determining the temperature of the 
salt solution, when assays are made as described by Sire and others, 
are not reliable in general ^lork, unless more time and care are used 
in making eoirections than would be needed to make a determina- 
tion upon fine biher of the value of the salt solution with each set 
of as.says. This latter method is probably the better one. With 
each set of determinations one should be made upon pure silver, from 
which the strength — whetlier above or below the normal — of the 
salt solution can be determined. All the assays of any set, including 
that of fine sil\er, are made under exactly" the same conditions, and 
the results should be accurate if the test silver is pure. There is no 
difiSculty in preparing pure silver, if care is taken to obtain a pure 
chloride. If silver, 998 or 999 fine, cannot be used to dissolve for 
precipitation as chloride, it is best to redissolve the silver first re- 
duced from the chloride and reprecipitate. The assays, made by 
diiferent persons, of silver bullion bars, often do not agree exactly, 
especially when the bnllion contains, a considerable percentage of 
impurities. One cause for the diflferent results is due to the sampling* 
The bar should, always be sampled, when it is possible, as it is 
poured, a small portion being taken with a sample ladle, as soon be* 
fore the bar chills as possible, and granulated in water. There will 
be sometimes a alight difference between the poured sample and one 
which is cut from the surface of the chilled bar, due to molecular 
changes in the alloy as the bar cools, especially if the bullion is quite 
impure and cools slowly. It is evident, I think, that a sample, 
properly taken when the bullion is poured from the cupel test, or 
from a crucible, is the sample which will most accurately represent 
the bar. 


FBESElifCJEI OF TFZLUEIUM Iir COFFEE,^ 

BT 1) EOEESTOK, 2>., KBW YOEK CITY. 

Some months ago samples of black oxide of copper and of pig 
copper from Colorado were sent lo me to examine for arsenic and 


^ at the Harrisburg Mp«tiug, October, 18S1, 
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antinmny I eiamined them both by the blow-pipe, and in the wet 
way, bat found none. 

A quantity of tliii macei ial was purchased by a laige raetaliurgical 
works, but w lien they attempted to refine it they pronounced it to be 
full of air.enie and antmiony, so rnueb so, that their furnaces were, 
as they said, “ poisoned,’^ aud rendered unfit for refining. I then 
re-exaniined the sample®, and at the same time .some of the material 
which had “ poisoned ” the furnaces, and found no tiaees of arsenic 
or antimony when the usual amounts for analysis were used, but on 
taking very hu 'xc amounts I found traces merely, in some parts of 
the -ample, but not m all As it was a matter of interest to ascertain 
what the white -ahsfaace that “ poisoned ” the furnace was, I sent to 
the works making the black copper, aud obtained some of the matte 
from which the black copper was made; 1 took careful samples, both 
of it and tlie black coppei and the refined copper I then found 
the impurity to be tellurium, a hubstance not heretofore known as 
occurring in copper. I give below one analysis of the matte, two of 
the black copper, and one of the refined copper: 






Refined 


Matte 

Black Copper 

Copper 

Copper, 

. 53 02 

97.120 

98 090 

99 7U5 

Goia, . 

. 0 06 



— 

Silver, 

. 040 

0132 

0128 

0135 

Lead, . 

. 17 S7 

0 777 

0 757 

none. 

Zinc and nickel, 

2 22 

0 070 

0100 

0 024 

Iron, 

. 418 

0130 

0 080 

0031 

Sulphur, 

, 2002 

0 236 

* 

ti ace 

IVluniim, . 

, 012 

0 093 

0 097 

0 083 

Arsenic, 


0 009 

it 

0.091 

SIu^, etc 3 . 

— 

1 270 

0192 




99 89 

99 S34 

99‘444 

100 0G9 


* No traces were found with the blow-pipe 

The mattes and the black copper are results of the treatment of 
copper ores with the tellurium ures of Colorado. In tlie laboratory 
no traces of white fumes were shown on charcoal, but when the 
metal m the fuinace was subjected to the process of “ dry roasting, 
as was unintentionally done, very dense white fumes were given off. 
When refined and cast into cake, it had the ordinary appearance of 
cake copper. It was then reheated for i"olling in the ordinary way, 
showing lio signs of impurity. At the first pass in the rolis^ very 
fine cracks showed themselveS;, which opened in succeeding jmsses. 
At a thickness of about 0.03 meter the (Tacks on either side neaily 
penetrated the cake^ and at about 0.008 meter it began to fall to 
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pieces It was heated and rolled at different temperatureSj bat 
always with the same result 

When cold the metal is tou^h and malleable. Althouarh the 
cakes in the moulds showed no coatings when they were heated 
repeatedlv and allowed to tool in the air they became covered with 
a white powder^ which proved io be the oxide of tellnnum. The 
copper, as it comes from the cake moulds, has every appearance of 
being good copper. 

This IS the first time, so far as I know, that the presence of tel- 
lurium has been detected m commercial copper But very little of 
it is removed in the treatment, as the four analyses show. 

It IS surprising how vei} small a quantity renders the copper 
red short, and conscquontly worthless for rolling. 


MOT-BLAST STOVES A T THE EDO AB THOMSOH FVll HA CES^ 

AND 

BY JtTLlAX EENXEDT, BKABBOCIC, PA. 

WiiEX it was decided to erect these furua^Oh the company als{> 
decided to use the Cowper type of stoves. IL was, however, 
desirable to improve upon the picn of the stoves tiien in operaiion, 
to avoid, if possible, some defects which had shown themselves in 
them. The stoves now in use at Furnaces A/^ and C are of 
the well-known type of Cowper stove, having a circular coriibiistion- 
chamber placed at one side of the stove, and a legenciator with 
crescent-bhaped section, resting at the bottom on cast-iron giatmgs, 
which are supported in turn by cast-iron girders, the products of 
combustion passing up the chamber, down through the flues of the 
regenerator, and thence to the chimney. 

Tlie objection to this shape of stove, that the gases would not pass 
down the parts of regenerator lying beside and behind the combus- 
tion-chamber — the horns of the crescent, as it \vere, — did not apply to 
the newer form of stoves, with combustion-chamber having a straight 
wall next to the regenerator, but there were other defeetb, the prin- 
cipal ones being the small size of the openings through the regener- 
ator and the material used for supporting it The >small passages 
(4^' X4^^) soon choked up, and when a part of tlicin became entirely 
closed, not only was the effective heating surface greatly diminished, 
but tite the remaining openings were not sufficient to absorb the heat 
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fast enough, the pwxlucts of coiDbnstion leaeJied the bottom of the 
rcgeneiator at too high a temperature, and caused the cast-iron grat- 
ing's to crack and warp. The openings bcng very small and s-ome- 
what irregular, from ‘'the fact that tliey were built of Liles, set on 
edge, and each course free to get out of irertical alignment with the 
precerling on^jit was ver^ hurl to clean them when clioked, it bemg 
very often impossible to pass a chain thioiiffh them without first 
driving through gas-pipe, tiie pipe being scix-wed together m short 
pieces as fast as driven down. 

After careful coiT'ideration I deckled, first, to adopt six inches as 
the smallest admissible size of openings; socoud, to abandon cact- 
iron supporis for tiie regenerator ; third, to use only one pass thipugh 
the regenerator ; fourth, to discharge gases from stoves and boilers 
into one common chimney; fifth, to use round instead of square 
openings through the regenerator. 

It is, of course, desirable not to make openings any larger than i.« 
necessary, as the heating-surface is reduced by so doing. In fact 
oitr new stoves 21' X 72' 6", with 6" openings, will hate a little 
less heating-surface in the regenerator than the old stoves, 20' X 56', 
with 4" X 4" opening*. 1 have.no doubr, howmver, that the effective 
heating-suiface, after a few weeks’ running, will be very much 
greater in the new stoves. One pass through' the regenerator i.s 
better than three or more, provided the flue* can be kept clean and 
the hot gases distributed evenly among them, for the reason tiiat a 
larger area of openings is given and friction reduced, enabling more 
gas to be burned with a given chimney draught. 

When the hot gases passthrough a multiflue regenerator from top 
to bottom, the tendency is to cause an even disti ibution, for if one flue 
gets more than its share ic becomes hotter than the others, and so has 
inoie of an upward draught, which tends to crowd tlie gases down 
the other and cooler flues. For the same reason the cold air enlenug 
the regenerator at the bottom has a tendency to ascend the hottest 
flues, so that when being heated and when being cooled the operation 
goes on very aniforaily all over the regenerator. With openings large 
enough, even a very wide regenerator will work with the greatest 
uniformity, unless the passages to the chimney are badly propor- 
tioned, so as to allow the gases from one part of the regenerator to 
reach the chimney much easier than those from other parts. 

The gases being discharged into the chimney at a temperature -of 
SbO® F., the draught is not very strong, but by also discharging the 
gases from boilers into the same chimney we get, say 40 pec cent., 
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at B50^j and 60 per cent, at about 700°, winch give^ us a chimney 
temperature of, say 520°, thus greatly increasing the draught of the 
stoves. The boiler-draiight is somewhat diminished, bat tin® does 
not matter, as a draught strong enough foi the stoves is far more 
than ample for the boilers 

Any one examhutig a dirty regenerator, with ordinary square 
openings, will observe that the most of the dirt accumulates in the 
corners By making the openings round we get nd of the corners, 
and I feel confident that much less dirt will accumulate m the dues 

The stoves as built at Furnaces and are shown on the 
accompanying plates. The regeneiator brick are hexagonal in sec- 
tion, ten inches across, and have holes six inches in diameter through 
them. In building we use, fot first course, a row six inches deep, then 
one three inches deep, etc. We then use slx-'inch brick all through, 
until we reach the top, when the wmrk is levelled up by using three- 
inch brick in every alternate row. By this means the joints be- 
tween coui'ses are broken and the openings kept perfectly true and 
straight from top to bottom The regeneratoi is carried on firebrick 
entirely, no castings being used The chimnej is 16^ in diameter, in- 
side, for 40^ up ; then it tapers in to 15^, which diameter it retains 
to the top. The height from the point of entrance of the boiler-flue 
to the top is 235\ 

From the bottom of the chimney nine- inch partition walls run up 
about thirty feet, giving nearly one-quarter of chimney to each bat- 
tery of three stoves, and little over one-lialf to the boilers. From 
the top of these walls the gases, of course, have one common flue. 

DISCUSSION, 

Mr. John M, Hartman: When the Edgar Thomson Steel 
WorkvS gave our firm orders to prepare the plans and specifications 
of the two twenty-foot furnaces, B and C,” they directed us to 
follow the designs of the Lucy Furnaces, at Pittsburgh, but allowed 
us to make any changes that would increase the output within cer- 
tain limits. The largest volume of air blown in any twenty-foot- 
furnace up to that time wus 1 6,500 cubic feet per minute. The 
B furnace was designed to use 1 8,600 feet of air per minute, and 
the stoves contained 92,000 square feet of heating-surface. After 
starting the A^’ furnace and finding that the volume of blast used 
was greater than that originally intended, it w'as decided to increase 
the “ 0 staves to 100,000 square feet of surface and use 20,000 feet 
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of air, the B &to% Cb bavins: been ^uibiied by tins time After 
b!owing“in fiiuiace, Wr Kennedy found he could blow inoie 
than oris:mtlK intended, and ,inorease<l the voliitne up to 2b, 000 
feet for maMmum, nhieh re^jinre 140 OOO square f et of sui- 

face. In "^pite of evo'-b £iir the 02/j00 teet of bUrface niain- 
tained 1050^ in the bia^t. 

When ‘‘C’' furnace was m full operiuioii, Mr, Kennedy used 
50.000 feet of air per mintite, and. maintamed 1050"^ with the 

escaping eras at the cbimoL^ at 350 

To heat this enormous \olutnc of air Mr Kennedy was obliged 
to force the sto\es with gas. As all the %^alyes, regenerators, and 
elumnevs ^vere proportioned for 20,000 feet ot air it required cop- 
stanf care to use the large volume of gas iiroperly. Phis will 
r^xpiam the trouble he speaks of The two new twenty-foot furnaces, 
I)*' and E/' and that Mr. Kennedy is now bailding, kigcr 
irtijvas, wuTh belter regenerators and chimneys, and I look forwaid to 
a prodfiction of ISdO tons weekly from each furnace. 

XoTh— November, 1882 The “D * and ‘‘E’” ferxiftees have since piodiiced 
Ls23 toH8 


A^- IMFEOVJ^P MlJSrim LAMP FOE 

BY DE. PEESIFOR FItAZER, PHXUABELFHIA 

The accompanying liagrams represent a lamp provided with cer- 
1am improvenients which render it Tnoie serviceable for tlio use of 
the engineer or other mining official who is often compelled to \ ji^lt 
jteveral mines a day remote from each other, and may be called on to 
use the magnetic needle in any or all of them. 

These requirements demand that the material of wWch it is luado 
.*^110013 be copper, and that it should be capable of being closcu oil- 
tight, for emptying and refilling the lump at each mine would be u 
less expeditious as well as a lees cleanly process, and transporting a 
lamp of the oidinary kmd over rough roads on horsebiick Qr in 
w^agon, -would result in spilling the greater part of its oonieuts. 

The general form of the lamp, including the false back to keep 
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/. Large screw cap for filling lamp^ bearing on 
w. Washer of leather or lubber 

0 , R’ng m front to winch are attached chain to cap and chain to 
t Turn mi ng needle 
h Sheath of latter, lying between 
h. False back, and 

L Mam body of lamp, which contains the oiL 
a. Socket between k and /, on which turns 

b A piece of stout bras^ w ire, forming at the upper end a hook for 
attachment to the hat or projections of rock, etc. The plane of thia 
hook lb at right angles to the lower end of the wire, which forms a 
spike for driving into dig/^ tlmbei’^^ etc. 

r. Collar on the upper part of 6, to prevent vertical movement. 
g Cyhndncdl brass ring, attached to the upper end of 
n. Conical copper spout. 

(I Three small wire points inclined upwards to prevent the wick 
descending 

The writer ii^ed this lamp in its developing stages during the su- 
peiintendence of several mines in Virginia, which were remote fiom 
each other. A preliminary note, written hastily before his departure 
for Europe, in October, 1881, was kindly interpreted and published 
by the Secretary of the Institute. Since then the lamp has been ex- 
amined and favorably criticised by the writers friends and former 
professors in the Mining School at Freiberg, Saxony, at which 
town a dozen were manufactured by one of the best tinsmiths and 
sent by freight to Philadelphia, in order to test the comparative 
cost of manufacture here and abroad 

The lamps made in Freiberg aie light, weighing aboutseven ounces 
each. They are of copper fitted with brass, 

M Paubr^e, member of the French Institute and director of 
the School of Mines in Pans, expressed also a favorable opinion of 
the lamp. 
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(kuincil Election ot, 244 BepoU of, 242 Submits lesolutions on transfei of 
loUectionsj 243 

Cowper hot-blast stoves at the Edgar Thomson Furnaces, 49^5* 

Craasos m icfuutig pig coppei at Oie Knob, 43 
Crescent i laitn, Lake Valley, New Mexico, 429 
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CrysVjU^ne Rods of Fir^wia, compaied inthtkcs^ oj Xm Rnjhtud '''IIcTcHCOCx; 24L 
477 StSsiHntv ot geographical p^sitiOL., 477. Gigantic o\erl^rns the 
of erroneous 7 iew\ 477, 478. Oidei of the crjsta^lime ‘'eries, 4< ?> The Oretii 
"'iou’ii.am 47b Hur-^ CambmUj and Liurentian roeU^ i7i), 

4b 0 

Camberknd Wde” Hailroadj «5;>eciai train provided bj, 124 
Skpellation lii’^nace, 'est .support tor. 220 
Cupni*^^ 1!^ b e Gono^i^te Couni'^. MisaOiiri, 449. 

r-k-ta* Ofdfl a" I m tne Bhick riills, 87, 4u5, 475 the Fatlier de Smet btar-ip 
Milt, SO -9'^ 

Danp^-Boiivard pnddhng-iaruace, character a>-f i ion piodiiccd hy, 2S6 
in^4litr foa\ 85 

kavib s Cieek, AV esl Virginia^ black band ijtron ore, 80. 

kead’tvo'i^l, F/ack Hills, 87 

IVadi'vood Goleb, 471-478 

Dcidwood Plac*r, 473-473 

IVane steam-pump, 297 

Defence Ci.uxa, TombBtone, Arizona, 343. 

Descloizite, at Socorro, Mexico, 444. 

Detenidnation : Of carbon, copper, phosphorus, etc See undei the respective 
elements 

Developments in the Siemens direct process, 274. 

liEVBRETX, AValteb I), Tke Occut fence of Gcdd in, the Potedan Forrtiaiion, BiacL 
Idills, JDalotdi 241, 463 

Dswei, r, P, The Etch Hill Lon Oi'ea, 4, 77. iVb^e on the FaUUg Cliff ZiM Minc^ 
4, 111. Discussion of OAmica^ Meih>de of Amly&ing MaiLateel) 192 
Dies in stamp batteries, 95 

Direct pioeess of iron making Siemens’s process at Pittahurgh and Lt^dore, 271- 
284 , economy doubted, 286, Biaiife process, 287. 

Dividends of Tombstone mnie and mills, 335. 

Dragoon Mountains, Aiizona, 334. 

Draught of chimneys, 249 

Draining — Imifiments for Frojeotion Drawing^ 261. 

3}iJlIIf}nvLtiU Deponietn Eaai Temmeee (NiCHOLs), 241, 480 Deposit of Jaroes 
County, 480 Topograpliv and geology, 480 Character of the ore, analyses, 
481. Freedom fiom phosphorus of the dnft-ore, 481. 

DrowjsTj T M and Muhlenberg, N H On the Solution of Fig^Ii on and ^edfir the 
Ikiermtnidion of Pkasphojiis^ 5, 85, 329 

Drown, T. M and Shimer, P W The Analysis of Iron Oies containing both 
Fhosphone and Titanic Acids, 124, 137 

Dro-wn, T, M. Methods for determimng manganese, IW, silicon, 104, 200, 325, 
sulphur, 139, 194 Separation of silica in phosphorus determinations, 327. 
Dudley, C. B Method ot determining manganese, 109. 

Eagle AA^orkg, Harrisburg, 135 

Eckart, AY. K, report on mechanical appliances used in mining and milling on the 
Comstock, 421. 

Edgar Thomson furnaces and liot-blast stoves, 495-403. 

Edgemoor Iron Company vs The Messrs. Atkins, of PottsviIIe, 490. 

Efficiency of fang and positive blowers, 482. 
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ligfirert/ Method for determmittg carlson (color-tost i, 17S, Ifelf, 102, 200 , ir.an- 
gane^o, 175 phosphorus, IGS, 169, 371 , sulphur, 177 
FglE'^tox, T , lavestiqaiwns m ik? Otc Knoh Coppe"^ Pjoees®, 3 25 Piesmce of Tel- 
lurnim in, Coppor, 125, 493 Rematks in the diSwrs-^.ou on the Elvetiulyiu 
U^mmation of Voppei, 62, and in th^ discussion on Loic and tomidaed r, 
Siiucimal Mutenah^ 390 

Eleition of Membeis and Associates* Virginia Meeting, 5, 6,' Ilanisbuig 
Meeting, 121, 123 Annual {Washington; Meeting, 23()-23S 
Election of officers, 244 

Electric light in mines and mill-, 310, 315 Pollution of atmosphere , 31 j 
Electric motors m mining, bid 

Eieefi ical Apparolits and Processes for ike and Mefa^m gical Enqinei:,r f Keith ), 

210,309 The calhbell 309 Telephone, 309 Electiic light, 310 ElectiK 
motois, 311, Electric generatois and geneial uses of the cuirent 311 Kefm- 
mg copper and separating gold and edver, 312 Behnmg and desil^eusmg 
base bullion, 312 Meitmg bv electucUy, 313 Stoi.ige of electncity, 313- 
315 -Diseifssion. Professoi’S Thompson: and Sili^imak and Messis May- 
NAEB and Ho-vte 

Bhcbolytie Detennmation of Copper and the Formation and Composition of so-called 
Allobopie Coppei (M vciiiNTOSd[),3, 57 Lnckow's process, 57 Analysis of the 
copper deposited Luckow’s process, 59-61 Resembles Sehui/cnberger’s al- 
lotropic copper, 50, 61, 62 Ihhcu^sion Dii Ecleston and Mr Sharpi^fs 
E lectrolytic method of separating nickel and other metals on the lar^e scale, 307 
Refining of copper and sepaiation of gold and silver, 312 Refiamg and de»il- 
veiizing base bullion, 3X5 

Elliott's method of determiiimg sulphur m iron and steel, 201 
Enieiy, A. H , builder of the United States testmg-maclung, 385 
Emery, C E., device for overcoming packing fiiction, 364. 

EmmertoN", F. a , discubslon of Chemical Methods of Analyzing Mail-Sieel, 200 
Emmons, S F, TkeMmmg Woikofthe United States Geological Swveyj 211, 412. 
English cupeilation fuinaee, test support for, 220. 

Engineer’s xmmng lamp, 498 

l^^ozoir* rocks in the Middle and Northern States, 477 

Estimation of carbon, copper, etc , etc See under the respective elements 

Eureka District, Nevada, geological study, by A, Hague, 421 

Eureka rubber in stamp mills, 97 

Eurich's shaking engine for volumetric silver assav, 492 

EtrSTtB, W E Cj and Howe, H M Contibuitom io ike Metallurgy of FicLel and 
Copper f 241, 305 

Excursions Of the Virginia Meeting, 7, 8 Of the Harrisburg Meeting, 124, 126 
Explosions m antluacite coal mines from 1871 to 18v^0, 07 

Explosives used at the Ste. Genevieve Copper Mines, 456 Use of high explo^ne^ 
in the blast furnace, 206. 

Factor of safety, 381, 393 

Falling Cliff Zinc Mine (Drwey), 4, 111. Description of the mine and analyses of 
the ore 

Fans, comparative efficiency of fans and positive blowers, 482. 

Farrx^lIj, Austin, and Gayley, James, discussion of Ckemcd Methods of Amlyz- 
ing liaihHieel,^ 187 

Fat hci de Smet gold mill in the Black Hills, 80“-99. 
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FatiOriie of meUlSj S93 

FaijiK ill piineral veins, Hoefer^ method of determnimg, 456 
Fay, Ft T, analyse* of Ste Genevie\e coppei oie 444 
Febiuary (Arniialj Eoee+irg FroceecUngs of, 225, Papers of, 247 
Feeders m stamp mdls, 97, 296 
Ferrol, Ya , visit to 7 

Feiio-maoganese, production in the blast fnmace, 209. 

Filtration oj WaUrfoi Industi uil Ftirposes (B A.RNE&), Oj 112 A disrussion of the means 
and appamtus neces&ar^ foi the mechanical purification of water for use in 
boileis, etc 

FnebricL works, Harrisburg, IJG 
Fireela} m Alabama, 322 

Fire-damp eTcplosions in anthraute coal mines fi om 1871 to IS SO, 67 
FiBMSTONf , F , yoies on the Lartje Dlast:, at the Glendon Lvnio’^iom Qnar^^fj 241, 304 
Flanne) r/, Boilei -sdimgfor ik^ Pn^tnhon of Sftmke ( Ashbuesstek), 12% 213 Niimei - 
ous devices for the prevention of smoke ot forn ices, 213 Theoretically perfect 
coi.i bastion, 213 description of furnace, 215-218 Action ot the fiii nace, 218 
P» acticai results obtained, 219 
Fort Put foundry, bursting of gun from, 404 
Fort Stanton, evv Mexico, copper ores, 427 
Foitieth Parallel Survev, 412 

Feizlr, Peesifoe, hnp^cved Miniwj Lamp for Engineers, 5, 498. 

Fa\ZEEa, B W , On Ghmn&ij Drmjht^ 241, 249 
Frue Vanners 295, 297, 298, 302 
F^er liiU, Leadviik, 416-418 

Fuel, prevention of smoke m the Flannery boilei -setting, 212-219 
Fuller, J C, hospUaht} at Pine Grove, 124 

Furnaces Flannery furnace, 202 Use in copper smelting and lelinmg at Ore 
Knob, 34 et seg 

Gabb’s leport on the topographv and geology of Santo Domingo, 346-351 
Gage, J K , geolog}- ot the Ste Genevieve coppei deposits, 447 
Gaulev River, W Va , biack-band non ore, 80, 81 

G4.TLET, James, difecns4.ion ot Chemical Mtthods of Amlyzing Eail-siecl, 187. 

Gay Lussae’s voiumetnc assay foi silver, 491-493 
Geological modelling, 204 

Geological Suiv-ey of the United States. 232 See also Mining Work of the United 
iStates Geological Sarv ey 

Geology and Feirti, of Tombstone^ Aiucna (W P BiiAKE), 24i, 334 Location ot 
Tomb'^toue, 234 Early settlement, 334, 335 Production oi imnes, 335 
Geology of the district. 335 The Contention mine, tharaclei of the dike, 
337-340 Gold in porphyry, 340. Metallization ol the dike, 340. Bedded ore 
deposits, 343 

Geologv Of Lake Valley, New Mexico, 430^ 436. 439 Of the ml regions of Penn- 
sylvania and New York, 356 Of the Rich Hill iron deposit, ll" Of San Do- 
mingo, 346-353 Of the Santa Rosa district, Northern Mexico, 271, 272 Of 
the Ste Genevieve copper deposits, 446, 456 
Geology Importance to the raining engineer of an accurate knowledge ot the geol- 
ogy of a mining region, 414-420 See also Mining Work of the United States 
Geological Survey* 

Giant-powder used at the Ste Genevieve copper mines, 456 
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Gibbs’s method for determining coppei by electrolysis, 65 
Gird, Richard, made first locatioob at Tombstone, Arizona, 3:^ 

Glen<3on limestone quarry, Uige blasts at, 3o4 
Glukodine, used at Ste Genevieve copper mines, 456 

Oueisses ol the Atlantic aiea, their relation to the Biluuan groups, 477, 478 
Gold ifi, ihs PMavi Foiimhon., Bind Hilh, Dakota [D^XEniA-x j 241, 465 Study 
of the Homestdke Veto, 466 Occurrence of gold m the conglomerate both as 
a mechanical and clieruical constitneni, 465, 467 Geological sketch uf tlie re- 
gion, 467, 468 ItLchness at ore, 468 Oxide oi iron the cementing mateual, 
4b9 1 ineness oi the gold, 160 Content of silver, 470 Cement gold, 471 

Deposition of gold in talcose schist, 471 Concentration of gold in the Dead- 
wood Guich placer, 471, 472 Cement gold well adapted to stain p-imli tieat* 
inent, 4; 2 Hammeniig gold by stamps doe-^ not prevent it from amalgamat- 
ing, 472 R^^ume 473 Raid Mountain, iniiiregnation ol goldarid silver ores, 
473, 474 Aigentifeious lead ores, 175 
Gold m copper ores of the South, 56 
Gold in xiorphyry, Tombstone, Arizona, 340 
Gold, separation in working copper ores, lie/ ^eq 

Gold, widely distributed in North Carolina, peculiaiitiG* of oceuneaeo, 475 
Gold and silver oies and mines of Tombstone, Anzona, 334-345. 

Gold and silver stpaiated Aom copper lead, and zinc by electi olysis, 312, 315, 317 
Gold Fields of the Southern Poj hoii of the Idand oj Sav Dmiirngo (RoTHWj:ijLj, 241, 
315, Romantic histoiy of this district, 315 Tiibute of gold from natives un- 
der Spanish domination, 345 Rroduution of g(»ld never veiy Urge, 346 Di 
Gahlfs lepoit the Topogiaphv and Geology of Sanlo Domingo/’ 346 
Ougm of the gold-beanng gravels, BOl AnciMitwoiks of the Indians, 362 
Tests of the gia\ els, 352 Gravel beds of no great value, 352 Quartz vein& 
probably of no commercial value, 353 Obstacles to nimnig in climute, labor, 
and government, etc, 354 

Goodenough Claim, Tombstone, Arizona, 336, 337, 342-344 

Goninge, Lieut liemy H , gitt to the Institute of specimens from the New York 
obelisk, 6, 7 

Government aid in testing metals used in construction, 361-411, 379, 384, 390, 396, 
402 403. 

Giace Furnace at Ferrol, Va, visit to, 7 
Giaud Central Chum, Tombstone, ArizonH, 337, 

Grass, Simon, discoveied copper ores in Ste Genevieve County, Mo, 444 

Great Master Lode, Elacfc Range Mountains, New Mexico, 442 

Gieen Mountain .gneis^os, 477, 478 

Grizzlies in stamp mills, 07 

Guyard, A , monogiaph on Leadville sraeUnig, 121 

Hagan’s Peak, Hagan’s Lodp» Black Range Mountains, New Mexico, 411 
Hague, A , on the geological horizon of Lake Valley, New Mexico, 430 Study of 
the Eureka distiiet, Nevada, 421 

Hard splint Coat of the Karnwha Valley 4, 81 Meaning of splint” in 

AVcHt Vnginia, 81 The Coalburgh seam, 82 Prepaiation of the coal foi 
market, 83 lateresting questions suggested by the occunence of this coal, 
84, ho 

Hahden, 0 B, Topcq} apkical and Geological Moddhnqj 241, 264 

Hams, J S , Report on the Beading Coal and Iron Company’s propeity, 147, 16L 
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Hans, O D, ownei of the Cou’wall coppei atnes, Missniiri, ^44 44’i 
Harris, Eo/ier &. f'o leiiae the R.e Oxctieuere eopper minep, 445, 447 
Hat rishiirg P,i , itiJnstnes of, 12'4 

H uriKbmg far M innlartornig Ca-apatia’s TrVorks. 1'24. 134 

Ilain-aburg cotton mill, 137 
Harrisburg chain ^orfe, 135 
Harrishiarg firebrick '?%orks, 13G 
Haui=ibnrg rail works, 132 
Harnsburg steam-boiler works, 136 

Ilai 4 i^bin meeting Piocpeilirgs of, 119 Papers of, 127 

H 'PTMAS, J M , Dibcub-iun of ITd-Uast Stoics ai the Eiga, TItomtson Fiimacee, 4^' 
Hawkins fan, efScienc^ of, 4S2, 490 
Hawk’s Xe«t, W Ta , vis’'£ to, S 

JTaj den’s Survey, discontinued on the establish merit of the United States Geologi- 
cal S irvev, 4! 2 

Head Ueutie Mine, Tombstone, Aiizona, 33S, 342 
IFematite dnft deposits ii\ Jame^ County', East Tetmessee, 480 
Henderson’s process of copper extract ion 
fiends patent se!f-fecder« sa stamp mills, 97 
Her/og copper nune, Ste Genevieve Gount^, Missouri, 445 
Hewitt, Gr W, fineness of bullion, Blade HilH, 470 
High explosives n-sedto 2 emo've obstructions m the blast furnace, 206 
Hitchcock, C H , the Crvstf’IIine Bocks of Virginia Compared with those of 2sew 
England, 241, 477 

Ilitcheoek. Wilson Su Co work the Ste Genevieve copper deposit, 445 
Hocking Vallevj Ohio, anal'^s^b of black band ore, 81 

Hoef^r^s Method qf Dektmimng Faults tn Minet'al Vexm (BaV'^eoiJ'd), 24l, 456 
Holley memorial s>esbion at the Washington mectmg, 238 
Homestake vein Bia^k Hi Up, Dcikota, 406-468, 470-473 

hot blast Staves at ike Edgar Thomson Furnaces^ and (Kejtwedx), 121, 
495 Objections to the earlier fonns of Oowper stoves, 495 Construction of 
the Edgar Thomson stoves, 190, 497 Dt(>€um(M Mr *1 M HARTiiiAjy 
Hotve, H M, On the Comparative JSfflcicncy of Eans and Positive BIoxbcts, 238^ 482 
Howe, H M and ECteaTS, VV E C, ConUibuhom id ihe Metallurgy of Flickel an 
Copper i 241, 305 

Hukt, T Stebrt, The ITydi omeiallurgy cf Cid>iyeT and lU Separaixm from the Pu- 
cwiis Meta\ 4, 11 

Hunt <Su Dougk&’s luetliods of copper extraction, 12, 16, 23, 27 
Hurnman locLs in the Atlantic area, 478, 480. 

H^draulio cement pipe works at narri^biirg, Pa , 13G. 

ITydi Qaiatali^rgy of Coppf^r and lU Sepos^-ution Ji om. ihtr Piemus Metah (HuntJ, 4,T1 
Ue-^cimlion of three classes of ytet piocesbes for the exti action of coppei fiom 
Its ores, II Methods far the separation of silver from copper when pioscnt 
together as chloride^, 12-15 Gharacter of copper ores suitable for trontment 
bv 1 casting with salt, 15 New wet process applicable to ores and furnace pio- 
ducts, containing, be*5ides copper— gold, silver, arsenic, antimony, and lead, 
16-23 Appendix I, Presence ot cobalt and nickel in copper ores, 23 Ap- 
pendix IJ , Solubility of chloride of silver in chloride of fiodium, 24. 


impaf t 01 concussion test for steel, 384, 406, 407 
Imperial location, Magdalena Mountains, New Mexico, 426 
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Indian school at Cai lisle, Penns}i ania, visit to, 1*4 

oj Ilarn^buj'f (CH4.LVii.NET i, 12S 120 Pennsj^ '•niui Otm^pan^, 
129 Lochiel EoIliii|f-KiiU Compan'-^ 1S2 Iron-^oiVs of the Mcf^orniick E-^- 
tate, 133 Chesapeake Xail Works, 133 Centra] I^rn Woik«^ 133 Har- 
ribbnrg Car Manutactaiing Company, 134 Wjster Blast Furnace.-, 1J4 
Louise Pinnace, 134 Ilumr'e], Fendrick Co, ISn Jackson *\io.nufat> 
turmir Company, 135 Harris airg Chain Works, 135 Eagle Woiks, 135 
Hainsbnrg Stcain-boiki ^^Olkb, 136 J D Mai^hbank 3. Son s Woiks, 13S 
Harrisburg Fi-ebrnk Works, 136 Had’auhc Ccmert Pipe Wo^kt, 130 
Harn^burg ("otton-mill, 137 Briishei, 1 >7 

/or ProifULon Draining (J M Sil-liman), 241, 261 
Ime^tu/ahom on the Ore Knob Coppet iVocm f E ctLeston), S, 25 Situation ol the 
Works, 25 Character of vein, 25, 26 Method of mining 2G Character ot 
the ore, 27, 28 Cost of mining, ^8, 29 Arrangement of metallurgical ivork^, 
29, 30 Wood and charcoal, 30 Price of piovisions, 31 Description of 
metallurgical process — Boasting the ore, 32 Analyses of roasted are, 38 Fu- 
sion for mattea, 34 Cost of roasting furnaces, 36 Analyses of matte and 
slags, 38 Slag pots, 30 Cost of roasting for matte, 41 Boasting the single 
mattes, 41. Cost of roasting matte, 43 Fusion for black-copper, 43 Analyses 
of black-copper, 44 Cost of smelting roasted mattes, 45 Treatment of sala- 
mandei-s, 45 Eehning pig copper, 46 Classes, analyses, 48, 49 Testing oi 
the copper, 49, oO Presence of sil'f^er, 50, 51 Ciisting into ingots, 50 52 
Cost ot refining, 53 Hesumd of cost, 55 
In-walls of blast funiaces, binding of, 221 

Iron {'see also Pig Iron and Wrought Iron) Siemens direct process in Pittsburgh 
and Landore 271-284 Iron made at the Danks-Bouvard puddling furnace, 
266 . 

Iron and Steel Necessity of having history of manufacture, *03, 404 Produc- 
tion m the United Stales, 382 Specifications for, 399 (See Testing of Iron 
and Steel.) 

Jron ctTid Steel eon$idered as Structwral Matsrmh—A Piseumion Papers and Be- 
marks, by Ashbel Welch, Ch^kles Macdonald, Gfneeal Meigs, Cap 
TAIN lALB, E D Leavitt. Jb, T C Clarke, O. Chanete, A, P Bollkr, 
Db. Egleston, G S Moeison, Percival KoBEifrs, Je., William Metcalf, 
and C P San3:>eeeo 
Iron Hill, Leadtilie, 410, 418. 

Iron Ores Black-band ore in West Virginia, 80, 81 Drift hematite deposits m 
James C’ounty, East Tennessee, 480 Lake Valley, Few Mexico, 433. Hich 
Hill, in Southiv eatern Virginia, 77-79 Statistics of imning aad production, 229 
Iron Ores, Method of analysis, when containing both phosphoric and titanic acids, 
137 

Iron-ore Mines in New Jersey, New York, valuation of, cost of ore per ton, dura- 
tion of, etc , 288 

Iron Works of the McCormick Estate, 132 

Ivanlioe Mine, Black Bange Mountains, N M, 441, 442 

Jackson Manufacturing Company's Works, 135 

Jaidme and Chadwick’s method of precipiUUiig silver fiom solution, 14 
Jokerst Leon discovers the Swansea copper mine, Ste C4enevieve County, Mo , 445. 
Jones gold mine, North Carolina, 476 
JimiaU location, Magdalena Mountains, N M , 425 
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Kanawha. Yirgmiaj, sphnt coal, SI 

Kaolin in ALibaina and ^jreorgii, anahsot. of, o21, o22 

Klith, X S, Biecincal Jpp^uutub and F^occ^^e^ foi the Miniag and MeioBurgical 
Emji ncu , 240, oOO 

Keilo} location, Magdaleni M< imtaiii-, N , 426 

Kent, Willi im, Mauifitac'^f LhitnyannUaus i ^ 4, 101 

KsNNim, JtLiiK, Bd Blast at the Edg.n T/mn^on Ftii ^nces, “D” 

124 496 

Kebr, W C , Sjme rernlia, iti^^ in the OccururK^e of Gold tii Borth Oatohna, 210, 475 
Kmg, ('’hupiice, 6r->t diiectoi of iht* United States Geological 8? irve) , 412, 413,421 
Kin^\ Mountain Gold Mine, Xoirh. CaioUna 475 
Kohinoor claim Lake Valler X M,429 

Laboratory appliances, 163, 164, 490 492 

Laidie\,T T 8 , on tlie use ot the U 8 testing machine at W'lteitoviiaiscnal, 370 
Lake Valiev, New Mevuo, lofalitv, topography, geology, mineralogy, imiKb, and 
oies, and then metal lurgic*il tieatment, 42S 440 
Lake Superior, copper district, production, 229. 

Lamp, mining, ioi engiueera, 498 
Landnre, Siemens direct pi ocess at, 2S0, 281 

Barge Blasts at the Glcndoti JLiimslouc Qiiavig (FlK^r^'TONL^ 241, o04 A oom- 
panson of fhe ^vstein of large blasts with the foi merl} -used method, as to cost, 
\ leid, etc 

Late Dmdopme^is m iU Stm^ns Dinct Ptocess {liwyinD), 240, 371 Quotation 
from Dr Sicmem’s paper, in 1877, 244-276 Failure oi Paik, Bu> A Co X ex- 
periments in 1878 276 Suctefesof expeumentof E 1 Amlerbon with a rotator 
at Tyrone, 276 Construction of a large plant at Pittsbnigh by the Siemens- An- 
derson Steel Company, 27?'' Detailed account of piocess at PiltAmigh, with 
cost of production, 278-280 Cost of open-heurth steel nude with Siemens direct 
blooms, 280 Abstract of reports of rotator dt Landore, 2Sl Bisf assmi, Dr 
EGLEbTONTj and Messis Metcaie and Howe 
L aughhn gold mine, North Carolina, 476 
Laurel Forge, -visit to, 124 
Laureatian rocks m tiie Atlantic area, 478-480 
Lead, refining of base bullion by electiicity, 312 
Lead ores of Lake Valley, New Mexico, 432 
Lead smelting at Leadyille, monograph by A Ouyard, 421 
Lead ville, Colorado, geology and mining indastiyof, 416,420 
Leavitt, E I> , Jr , remaika m the Discussion on Lo/iand Steel comideicd asStritc- 
tured Mate) ial% 372 
Lebanon, Pa, vjfejt to, 126 
Lignites in Northem Mexico, 271 
Limestone quarry at Glendon, kige blaf'ts at 304 
Lincoln claim, Lake Valley, New Mexico, 439, 443 
Lochiel rolling mill, 132, visit to, 124 
LongdaJe iron works, visit to, 7 
Longmaid’s process of coppei exti action, 11 
Louise furnace, 134 
Low Moor iron works, visit to, 7 

Lucknow’s process for determining copper by electiolvsis, 57, 05 
Luraj Cave, visit to, 7 « 
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LYijB, Captai'?, i^m^rRs m tbe discussion on LonuTid Steel eonsidi^rid as Strmtural 
3iaief lah^ 3^*9 


McCormick estate, iron ^orks of, 132 

MoICennan^ Judge, charge, in case oi Metssrs Atkms vs The Edge Moor Iron Com- 
pany, 400 

MacfarLind, Thomas, investiigations m the metallurgy of copper oies 15 
Macdoxald, Chables, On fhp ^^ecemty of Ooicinment Aid Orynn^zimj Si/sk^n 
of Tebts of Matet lah Med for Struetmal Pifiposes^ 362 
Mackintosh,! B , ELedroli/tic Detei muiation ot Cupper awl ike Formation and Com- 
podium of m-calUd AUotropic Copper, 3, 57 
Magdalena Mountain*, Southern Nei\ Mexico, 425, 

Magnesian hmestones m Southeaster Missouri, 44S 
Magnetic sepaiation of nickel and coppei 01^^,305-303 
Malachite in Ste GencMeve Comity, Misboaii, 449 

3fatigonese Ddemiinations m Steel (Kent), 4, 101 Analyses of the same sample of 
steel by t-s\elve chemists, mth methods used, 101-107 Di^citssiOrt, DrS 
Dhow N and Dcolea", 107-109 

Manganese in Be**seitier Rail-steel (Cabot), 24X, 302 Effect of the amount of man- 
ganese on the rolling of Bessemer rail-‘^teel 
Manganese Deteimmation m pig iron and steel, 100-111, 173, IBS, 191, 194, 197, 
203 Effect on the coloi-test for carbon, 184 Effect on the rolling of Bessemer 
steel, 302. Limits in Bessemer riil-steei, 410 Presence in ffUer-paper, 108 
Eelation to caihon— gray pig iron with 10 per cent , 269 
Manganese ores in Lake Valle) , New Mexico, 432. 

Maislibanks dsSons^ works, Ilanisburg, 136. 

Massachusetts iron mines, valuation of, 289 
Mather Sl Oei«t, Pueblo smelting works, 436 

3rntheson, E, paper read before the Institution of Civil Engineers, on steel for 
‘itructurcfl, 405 

Mattes Made in copper smelting at Ore Knob, N C, 34-45. Containing tellunuii], 
494 

Mav Meeting . Proceedings of, 1 Papers ofi 9 

Maynard, G W , JLate Developiftients in the Smnem Dived Proem, 240, 274. 
Meetings Harrisburg, 119 Virginia, 1 Washington (Annual), 225 
Meios, Genebax., remarks m the discussion on Iron and ^eel comvdefted m Struc-' 
tm al Mahviah, 368. 

Mele, P H , Jb, The Sovihevn Soapstones, Kaohn, and Fiiedmjs, and their Umt 
241, 318 

Melting of steel hy electricity, 313 

Members and (issociates Elected, 5, 6, 121-123, 236-233. Died, 242 Dropped 
oi resigned, 243 

Memorial session of Alexander Lyman Holley, 238 

Memorial to Congress to establish a board to test stiuctural mater als, 361, 366 
Merchantable Jion, 400 

MetaiIi/.ation of the dike, Tombstone, Arizona, 340, 

Metalinrgital uses of electricity, 312-317. 

MetalUugv Of the Lake Valley ores, 4?6. Of nickel and copper, 305 
Metcalf, William, remarks m the Discussion on Iron and Steel considered afi 
Siructui al MaierialSi 403 
YOL X— 33 
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Mexico Coal in the Santa Kosa district, 270 The San Miguel aiUer property, 
BatopiUv the new mill, ^03. 

Midnight locatjon, BLick lUnge Moantains, N M , 441 

Milling gold ores In llie Black Hiilb, S7-S9 Lake Yallev ore», 43d; 437. Bato- 
pilas, Mexico, 293-302 

Mimbres Mountains, Snathere I7ew Mexico, 426, 423, 440 

Mineral regions of Southern New Mexico [B ), 240 424 Socono mines, 

Toirence presence of vanadium mmeral^ staiup-mill, 424, 42o The 

Magdalena.^, 125. The Juniata Impenal, Kelh, and Sophia locations, 425 
The 0-.cura>. Permian copper beds, 427 Eesemblanee to RusMan copper beds, 
427 Vitreous copper oie near Fo’t Stanton, 427 The Lake vallej oi 
Sierra mines 428 Their geological hoiizon, 430 X>ips of strata, 431 Mm* 
eialogical character oi the Lake Valiev ores, 431, 482 Cropping of cherty 
quart.!, and iron and manganese ovides, 433 A«say of the o’^es, 434 VVork- 
lug tests 4S4 Treatment of the ores from the Sierra mines, 435 Nature aaci 
origin of the Lake ValLv silver ores, 4S6 The mill, 437 New develop- 
ments, 437 The Hopefiif shaft, 439 The Black Range, 440 Pyromorphite 
replaced bv wulfenite and vanadium compoundb^ 448 
Mineral veins, Hoefer^s method of determining faults in, 456. 

Mineralogy of the Lake Valles , N M , ores 431 

Mbmg . Copper ores at Ore Knob, N, C , 26, 20 Copper ores in Ste Oene\ leve 
Countv, Mo , 454, Electrical apparatus for the mining engineer, 390. 

Mining and milling on the Comstock lode, 420, 421 

Mining geologies See Mining Work of the U, S Geological Survey. 

Minmg lamp tor engineers, 498 

Mining statistics, annual reports of the XT S Geological Survey, 422, 423 
Mmn^ Whrlofth U S Oedo^ical (LMivfOi^s), 241, 412 Organization of 

the L S Geological Survev, 412 Fhn of work adopted, general geology and 
mming geology, 412, 413 Relation of the government geologistfe to the min- 
ing engineers, 414 Importance of ‘^tudv mg the geological structure of a ruin- 
ing region, 414-416 Geological study of the Leadville ore deposits, 416-419 
Further illuhtrations of the value to the raining engineer of accurate geological 
knowledge, 419. G F. Bcckei's study of the Comstock lode, 420 A. Hague's 
study of the Eureka district, Nevada, 421 W R Eckart's report on the me- 
chanical appliances used in mining and mnlliog oa the Comstock, 421 Annual 
review of mining industry, co-operation of the Director of the Census, 422, 423 
Modelling in topography and geology, 264 
Monmer’ti process of copper extraction, 11 
Moutalban system m the Atlantic area, 478-480 
Monte Chnsto location, Black Range Mountains, N. M , 441. 

Montezuma location, Black Range Mountains, N. M , 441 

Moeisok, G 8, remarks in the Discussion on Iron and Steel constdeied m Siiuc* 
iiaal Matermh, 396. 

Mortars in stamp batteries, 95. 

Mother coal or dant, 85 

KuHLEasTpERO, N H , and Drown, T. M*, On the Solvdion of I on and Steel for 
the DeUrminaiion of Fho^korvSi 5, 85, 329. 

Nail works' Hamsburg nail works, 132. Chesapeake nail workb, 138 
National Museum, Washington* Meeting in,, 227 Authoiization to transfer csol- 
lections to, 243 1 
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Naturjtl Bntlsre, Ya > visjt to, 8 

K€6ei.^)ti/ qf Gvvefniii&nt Atd m Otgantzing a System of TesU ^f Muiaivahm^d for St)'UO* 
iural Pu/poses (Macdonai^d/j 362 

Jif’ed of a yatioJifd Board for T^tvng Mttah of Cojisiniciion fBoLLEB-)* 3&0. 

Negretta IJfEountaiii^ SoDth<srn Mexico, 426, 428, 440, 443. 

New England, compansoa of Us crystalline rocks with those of Yirgmia, 477 
ftk-vf Jersey and New York, valuation of iron mines of, 28S, 

Non Mexico, the mineral regions of Southern, 424-444 

Mew Ifill at Batopilas, Sfat4. of Chihwthua^ Me^iso (EAiTDOiiPH), 238, 293- Prop- 
erty of the Consolidated JBatopilas Silver Mining Company of New York, 
293 Character vein and ores, 293, 294 Production, 294 Comparison 
>vith Siivei I&let ores, 29o Situation of Batopilas, difficult) of transportation, 
295 Description of the mil!, 296 Objects in view in designing the mill, 297, 
Anastres an u^e, 298 Classihcation of the ores and their treatment, 298-300. 
Secfeionuhzing the mill, 300 Cost, 301 
New Elver Canon, Virginia, vi&jt to, 8 

New York* Geology of the oil legiots, 356 Produetion of oil, 857. Amount of 
Oil renuisnng, 360 Valuation of iron mines in, 288 
New York, L*tke Ene and Western Baiiroad. bridge specifications, 377. 

NichOlis, EpW'AUDf S(ymel>nft Hematite Deposits in East Tennmeey 241,480 
KiohOXSOn, ¥&iisK, A Renew of the Ste Gmevieve Copper Deposit^ 241, 444 
Nickel Effect on the eoloi-teU for carbon, 185 Elecfrojvtic method for separating 
nickel and other metals, 307 Thompson’s process for the extruction of nickel 
from Its ore'=f, 305 

Nickel and cobalt Association with copper, 04, with copper ores, 19, 23 
North CanUitia' Ore Knob copper deposit, 25 WhdG distribution of gold^ 476, 
478 

Obelisk, gift to the Institute of bpecinaens connected With the New Y'orlc obehuk, 
6,7 

Obstruetions in blast furnaces removed by the use ot high explosives, 206 
October Meetmg . Proceedinga of, 119. Papers of, 125* 

Office! s elected, 244 

OJj Amount lemaiaing in Pennsylvania and New York, Sod-SOO Production, 
357. 

Oil regions of Pennsylvania and New York, boundaries and geology of, 354-357, 
Opendicarth steel made from Siemens direct blooms, 280, 282, 2S6. Economy 
doiihted, 286. 

Oi« K^bb copper process, 25. 

OiTord Copper Company’s woiks at Bergen Point, N J , 482. 

Origin bf the Ste. Genevieve, Missouri, copper deposit, 453. 

Origin of oreN ui Lake Valiev, New Mexico, 436 
Osemars Permian copper beds, m Southern New Mexico, 427 

Palaeozoic rocks in Virginia, 478* 

Park, Brother ds CVs failure with the Siemens direct process, 276 
Paxton blast furnaces, 133 KoJhng nulls, 124. 

Peculiarities m the Oeeurie/tce of Odd tn Moitk Carolina (IvFaB), 240, 4 to. D»-mr* 
retice m gneiss, 475 In feldspathie schists, 476 In schistose limestone 476 
In quartzite 476 In quartz shales, 475, 476 In qu irtzitea and felsuto of 
the Hurouun hills, 476. In a trap dike, 476. 
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Peticoycl iron works, tests ot iron "bars, 401 

Pttnmyh^ania Available tonnege of the bituminous coal-fields, 144 Casaaities 
in anllmcitc coal mine*,, 67 Oeologv of the oil legion, piodiietion of oil, 
amount of oil remaining* 350-360 The Siemens direct process at Tyrone and 
Pitt-bnrc?b, 277-234 

Penns\Ivanm Lead Companr^ vorks, method of as&aying silver bullion, 490 

Penns\ivania Miiscuoi ctnd School of Industrial Ait, transfer of the coiieetions of 
the Institute authiirized* 243 

Pennsylvania Eaihoad Company Special tram piovided by, 124 SpeeifeiHons 
for iron bars, 402 

Penn>vlvania Steel Company: Descnption of works of, 124. Hospitalitv of, 124, 
126. Visit to works, 121 

Permian copper beds in Southern New Mexico, 427 

Philadelphia and Eeadmg Coal and Iron Company, visU to the hematite ore mines 
of, 124 

Philadeiphici and Heading Kadioad Companv, special train provided by, 126 

Phosphoric acid (see also Phosphorus) Determination of, in ores containing titanic 
acid, 137 Eepiaced by molybdic and vanadie acid, 443. 

Phosphorus Determination in pig iron and steel, 35, 166, 18S, 192, 193, 196, 197, 
203, 241-322. Effect m the color-test for caibon, 184 Eliminated in iron- 
making at low temperatures, 285 Existing to the extent of 15 per cent in 
pig iron, 391. Limits m Bessemer rail 81001,410 Low phosphorus m drift 
hematite deposits in East Tennessee, 481 

Phostphorui Beiii'riimaiions ifi Pin Iron and Steel (Bachsian), 241, 322 A compari- 
son of the methods and results ot nineteen chemists in determining phosphoins 
in pig iron and steel. 

Pjg copper rcdning at Ore Enob, 46. 

Pig iron Betel mination of phospliorus in, 85, 322-384 Determination of silicon, 
85, 325. With 15 per cent phosphoras, 39L 

Fima Copper Mining and Smelting Company’s works at Pelton, Amona, experi- 
ments on fans and positive blowers, 483 

I^iue Grove furnace, visa to, 124, 

Pittsburgh, Pa, Siemens diiect pracess at the Siemens- Anderson Steel Company’s 
works, 277-284 

Placer mines, Black Hills, Dakota, 465-475. 

l^OHidve blo-wers, efficiency of, compared with fans, 482. 

Potsdam formation, Black Hills, Dakota, gold and silver in, 465-475. 

Potsdam quartzites, relation to the Atlantic gneisses, 477, 478. 

PoweU, Major J. W , address at the Washington Meeting, 232. Beception of Major 
and Mrs. Powell, 238, 

Precious metals Production of the Tombstone mines, 335, Separation from cop- 
pei, IL 

President Arthur’s reception at the White House, 240. 

Petroleum. See Oil. 

Prevention of smoke in the Flannery boiler-setting, 212--219. 

Proceedings Virginia meeting, 1, Hainsburg meeting, 119, Wnehington (An- 
nual) meeting, 225 

Production of bituminous coal in Pennsylvania, 149. 

Production of iron and steel in the United States, 382 

Production of iron mines in New York, New Jersey, Connecticiit, and Massachu- 
setts, 289. 
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Production of oil in Pennsvl^an»a and Xle^v Yoik^ 857 
Pioduetion of the Oie Knob copper mine, 28 

Pr<iduction of the precious metals of the Topib^tone mines and mills, 334 
Production of Ste. GeneMeve coppei mines, 4 jo 

Production ot the mines of the United btates, repoitsof the U S Geological Sur- 
vey, 422, 423 

Projection drawing, instruments tor, 261 

Provisions Prices at Ore Knob, N C , 31 At Ste Genevieve copper mines, 155 
Pueblo smelting works of Mather & Geist, 436 
Punching not allowable in structural steel, 405 
Pm ideation of water by dltration, 112-llS 

Pyromorphite replaced by vanadium compounds in Southern Kew Mexico, 4'i3, 
bj wulfenite in the lead and silver veins of Central North Ameuca, 443 
Pyrrhotite in Ore Knob ores, 56, 57 

Kail-steel Chemical method for anaUzing, 162 Effect of manganese on the loll- 
ing of, 302 

Hand, A C, description and exhibition of a new blasting compound, 123, 124 

KAiiiDOLPH, J C F, The Nm Miil at B(ilof\La% State of Ciuhuahw^ J/cxico, 238 293 

Raymoki>, K W , H^oefer^s Method of Dde/mmiu 0 Fadts m Mineral VeiaSy 241, 450 

Beceptions In Harrisburg, 124 In Staunton, 4 In Washington, 23S, 240 

Eedning pig copper at Ore Knob, 46 

Refreshment of metals, 393 

Report of the Council, 242 

Report of the secretary and treasurer, 242* 

Resolutions of thanks, 7, 125, 244, 245 
Rhodes gold mine, N C^ 475 

liich IIUi Iron Oree (Dewey), 4, 77 Geology of Rich Hill, 77, 78 Amount of 
oie, 78 Analyses of oies, 78, 79 Topography and transportation, 79, 80 
Richmond and Alleghany Railroad, special trams provided by, 7, 8 
Robeets, Peectvab, Jr , remarks m the discussion on Iron and Sled considered os 
SU mtiiral MateriaUf 399 
Rock bieakers, Blake’s, 97 

Rocks of Virginia compared with those of New England, 477. 

Roof-fells in anthracite coal mines, from 1871 to 1880, 67. 

Rotator See Siemens direct process. 

Rothweix, R P , The Gold-fields of the JSouihern Portion of San Domingo^ 241, 315 
Rubbers (Eureka) m'^stamp mills, 97. 

Russell gold mine, North Carolina, 476 
Rustlers (banditti) in Southern New Mexico, 441 

Saccharoidal limestone in Southeastern Missouri, 448 

Salamanders, treatment of, in Ore Knob copper process, 45 (See also Blast fui- 
nace ) 

Saitdeero, C P, communicafion to the dii^cmsion on T?on and Steel constdeicd as 
StmUual MatendSf 40^ Introduction to Mr Tioilius’s paper on Chemical 
Methods of Analyzing Mail steely 162 
San Domingo, the gold-fields of, 345 
San Miguel silvei propertj^, at Batopilas, Mexico, 293 
Santa Ro^^a <h strict, Mexico, occurrence of coal, 276 
Scaffolds in the blast furnace removed by high explosive's, 206 
Scale from Landore, analysis of, 281. 
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Sehmidi, Dr, geology of the Ste Gonevic\o, ilo*, topper deposits, 15S 
SchiiUcn Merger's allotropk copper, 50, 61, 6Z. 

Sccretarv’& and treasiuer’s report, 212 

SettioTis of the ore-deposits in Ste Genevieve Countv, Mo, iSO 
Sluking engine (Euricb’s) for the rohimetnc as&ar for silver 492 
SiiARTLES, S P , note on black band iron ore in West Virginia 4, SO ^ 

in di&cLi*>sion of Mr. Mackintoshes papei on the minahon oj Coppm bp E ee- 


trol^m, 65 , 

«Jlie6eiln Biother^ made 5rst location at Tombstone, Amona, od4, 

Siienaiido.ah Iron Woiks, visit to, 7. 

Slienandoah '^^alley Pailroatl, special tram provided by, 7. 

SliermjD, Genera], address ot, 227% 

Sbimer* P W , detection of mangan<5se in filter paper, 108 

fcjHiMEii, F IV. .md T U, The Analysis of Iron Cm contammp hoU. 

PkospkoriQ and Ttianu Acid^'j 124, 137 
Shoes m stamp-bditeries, 95 

Shumard, Dr, Geology ol the Sfce Genevieve copper deposits, 44^. 
Siemens-Anderson Steel Ck>mpan/s works at Fittsbuigh, 277-284. - , , 

Siemens direct process at Pittsbnrgh and Laudore, 271 -264 Economy doubted, 
286. 

Siemens Martin steel . Made with Siemens direct blooms, 330, 282-286. More 
regular than Bessemer steel, 411. 

Sierra mines Sierra Bella, Plata, Giande, and Apache, Lake Valley, New Mexico, 

^29,437 ^ 

Silicon Determination in iron and steel, 85, 172, 189, 194,197,200, 32o. Bfieot on 
color test carbon, 185 Great somce of irregularity in Bessemer steel, 408, 410. 
Limits of in Bessemei rail steel, 410 Neee^aiy to give solid ingots, 409. 
Srx.LiSiCAK', B 2Jt& of ^oufk^n New M^icOt 240, 424, 

SiLLiiMCAN, J M far Projection DmwViiff 241 26L 

Silver In Ore Knob copper, 50, 61, Reparation from copper, 11 et sop Separation 
fiom copper, lead, and ?ino, by electrolysis, 312 rS15* 31? »» 

Sfivei hulhon, a^ibaying of, 490 

^?tlver ohlonde, solubility in eodiuni and other chlorides ^4, 24, 

Stiver ClilT, expe^icnc^ at, with millicg manganifeioas silver ores. 435. 

Siivai rUill at Batopilas, Mexico, 293. 

Sliver pie'' of Southern Now Mexico, 424-444. Assay of. 434, 435. MElnganhV 
lous, 435 Metallurgical ueatinent, 486-437* Kiture and origin Qt, 486* 
SiDer ores* neai the coal measures, Santa Rosa district, Mexico, 2/1 
Silvei ores at Batopiias, Chihuahua, Mexico, 293, 294, 298-300. 

Slag pots at Ore Knob, North C'aiolina, 39 

Slags in copper smelting at Ore Knob, North CaioUna, 38, 39, 45, 47 
Smelting at Leadville, monograph, by A Gayard, 421. 

Smelting copper ores at Oie Knob, North Carolina, 25. 

Smelting silver ores from Lake Valley, New Mexiu), 435, 436 

Shock, J C , of /? on Mines in Nm York and New Jemy, 241, 288, 

Smoke, prevention of, in the Flannery boiler-settuig, 212-219. 

Soapstone Occurrence in the Soathern States, analyses, fire-test, used by the Induiiia 
for utensils, SI 8-321. 

Socoiro mmes, New Mexico, 424r 

iSolviion of Pi.q Iron and Stedfof the Determination of Phosphorus (MujaLLKaniW} aiad 
Drown), 5, 85, 329. 
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Sophia Location, Magdalena Moao^ains, Ne^v Me \ico, 42C. 

SouiJiern, Soa^'^tmes^ Kaolin^and Fualaya and C’ke 241 j 318. Fire- 

te=^ts of ioapstonea, 318, 311), 321. Anaiv&e-» of bpecnnfcns troui AlaLania, Geor- 
gia, North Caioliaa, and feouth CaroliTii, 31 S- 320. Use ot this soapstone by 
the Indians tor utensils, 321 Analyses of kaoLn trom Alabama, o21, 322- Fire* 
claj;^ 322 

Spanish iron ore, analysis of, 281. 

Spanish pyrites, raetaliorgicai treatment of, 15 

Specifications for iron and steel, neeesbity ot haYing a history ot the manufacture, 
403, 404. 

Specifieaticms for 2'^tsiing It m omO SUd (KoijsEIITs'^, 3^9 

Splint Coal of the JSIanawba \'’alley, West Vii^una, 81. 

Stamp mill , At Batopilas, Mexico, 293 At the F^ither de Smet Mine, Blach 

94. At the Sierra Mmes^ Lake Valiev, Kew hlejcico, 437. At the Soeoiro 
Mines, New Mexico, 425. 

Standard tests and specifications for iron and steel, 403, 405, 411. 

Stanton Claim, Lake Valky, New Mexico, 429. 

Sias pipette, for silver assaying, 493. 

Statistics of production, etc. See Production. 

Staunton, Virginia, meeting and leception at, 3, 4, 

Steam-bath ior laboratory use, 490, 

Steam-boiler works, Harrisburg, Pa., 136. 

Steel . G’haraeters fitting it for structural uses, 306, 398 ESeet of manganebe on 
the rolling of, 302 Importance of more reliable knowledge and tCbts, 368, 
375 Maximum strain allowed by Board of Trade in England, 405 Melting 
by electricity, 313. Open-hearth steel made from Siemens direct blooms, 

282, 2S6. Open hearth and bafne steel more regular than Bess-emer steel, 411. 
Punching nut allowable in straemral steel, 405. Strength and dnctilitv go* 
togetlier, 405 See also Testing of Steel. 

Steel Discussion on Iron <xud considered as Sfr%c(ii.7'al Maiertals^ 361 ”411. 

Steel for structures, a paper by Mathesou, 405 

Steelton, Pa., visit to, 124 

Sueel wires coated with copper, 317. 

Steel works' DeS'<Tiption of the Pennsylvaaia Steel Works, 129 Yibit to,- 124. 

6'^^. Genmeve Ccppei (Nicholson), 241, 444. Historical sketch, 444, Div 

cover/ and absay of ores. 444. New openings, 445. Extraction of oic, 445 
Shipment of ore, 446 Geology, 440. Number of beds, 448 Ores, 449. Sec- 
tions of the ore-deposit, 450. Geological history of the deposit, 452 Method 
of working, 454 Cost of working and of provisions, 455, 450. 

Storage of electricity, 313, 316. 

Stneby Claim, Lake Valley, New Mexico, 429 

Structural Materials r Iron aod Sieef eomtdered as Sirncinral ATate? icds. — A IHseuii* 
sicn^ 361-4H. 

Stni levant fans, experiments to determine the efficiency of, 484-490. 

Subaenption dinner^ Washington Meeting, 240 

Sniphur . DetormuJatiou in iron and steel, 177, 189, 195, 197, 201. Effect on the 
color test for carbon, 185. Limits in Bessemer rail steel, 410. 

Sulphur fumes resulting fiom smelting at Ore Knob, 56. 

Sulphuret Olaim^ Tombstone, Arizona, 342. 

Hnrpriee Location, Black Bange Mountains, New Mexico, 441. 

Swansea Copper Mine, Ste Genevieve County, JVIo , 446, 449. 
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Tibles in btamp mills 97 

Taylor^s Kidge, East Tennessee, drift hematite deposit, 4S1. 

Telhr.-um m Coppe) (Eoi^estov), 125, 4{^S 

Tenorite in Ste Gene^je^e, Miasonn, copper deposit, 445, 450. 

Test Suppoftfor the TJnphsh CupeUation Fmnaee (F. C Blake), 124,220 
Testing Macliine at Watertown Arsen il See United States Testing Machine. 
Testing of iron and &teel ' see <ilso Steel and United States Tc'^itiiig Machine) Chemical 
tc^ts, 406 Corrparatiio tebtd of iron bars at Pencovd lion Works, Fairbanks’ 
and Watertcnn Arsenal, 401 Efiect of Yibratioa or impact, SS4, 406, 407 
Government aid in testing matenalb of construction, SGl-411 Importance ot 
reeling InlUued members, 364, 375, 377, 37S, 383, 392, 398 Influence of size 
of bar on strength per sq^uare inch, 375, 377 Necessity ot knowing his- 
to^v of mainifacture, 103 Speciflcations for testing iron and steel, 399, 403 
Standaid tetfo, 403, 405, 411. Stiength and ductibility shoula alwa)s be men- 
tioned together, 405 Tensile atiength, 406 Unreliability of oidmarv testing 
machines, 309, 370 Work of the United States Board for Testing lion and 
Steel, 3G3, 364 

Te\a^ bioi\n coal near San Antonio, 272 
Tidal Wave Claim, Black Eange Mountains, New Mexico, 443 
TiUiiic acid, determination of, in ores containing phosphoric acid, 137 
Tombstone, Arizona, geology and vems of, 334-344 

Topographical and Geological Moddbng (Eabben), 241, 261 Description of the 
method used m making plaster models to show topographical and geological 
featui e% 

Tonnage of the bituminous coal fields of Pennsylvania, 144 
Tonence Mine, Socoito, New Mexico, 424 
Toughmit Claim, Tombstone, Arizona, 336, 342-344. 

Transactions of the American Institute of Mining Engineers, classification of papers, 
23^, 234 

Tiansportation in the South, 57 
Tiaps in stamp milH 97 
Treasuier's report, 242 

Treasmv Department, Washington, visit to, 246. 

Teoieiis Magnus OhemicGl Methods of Anahfzing R%rL Steel, 124, 162 
Tungsten, effect on the color-test for carbon, 185. 

Tyrone, Pa, Anderson’s experimental rotator, 276. 

United States B()ard to Test Iron, and Steel Creation of, 363, 3S4 W^'ork of, 363, 
364, 385, 392 Abolishing of, 387 

United States Geological Survey See the Mining Work of the United States Geo- 
logical Survev 

United States Testing Machine at Watertown Arsenal, 363, 364, 367, 370, 371, 372, 
374, 378*335, 390, 396, 401 

Urn of High JSiplosives la the Blast Fm'naee (Witheebee), 125, 206 An account 
of the removal of obsti actions in the Cedar Point Furnace, April, 1881, by the 
use of Atlas powder 

Vdmtion of f on Mines tu New Yorh and New Jer$*>ij {Sviock}, 241 , 238 Table of 
mine statistics, 289 Hatios of product to capital, 2S9 Cost of ore per ton, 296. 
Elements which enter into the problem of valuation, 290-293 Duration of 
mines, 291 Method of valuation, 292, 293 
Tanaclium, effect on the color-test for carbon, 185 
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Vanadluni mincials m??unthein NewMe's:icOj 432, 443 
VeiHH HoefeiS niethod oi doterni inm^ faults lUa 456 
Vibration eifect on iron and i?tee], 33 1, 

\%rgHiia CompptibO-R oi its roeks with +ho3e of New England^ 477 

Tne Failing Ciiif Zinc Mine, 111 The Kioh HiU non depo^^u, 77 
Virginia meeting Pioceeclings of, 1 Papeis of, 

Vizina Ciaira, Tombstone Arizona, 33o 
Yolhard’ss method of detei mining manganese, 201 
Yolmxietnc a^sayof feiivei bnlhon, lbi--493 

VoUmetnc Eshniiatioii of Manganese in Pig Lon and Steel (WsLI.i4M«;, 5, lOO 
Ydimieinc Method oj Ediraalmg Fho^jgkoim (WpiaHT), 197 

Wasd, W P Wes on the Behiitiot of Matiga/tf^c to Oaibcn^ 240-269, 

Washington (Annual) Meeting Proceedings oi, 225 Papers of, 247 
Water, ineehanical pnrihcation b? filtration, 112-118, 

Watertown Aisenal See United States Testing Machine 
^VaV'Up Claim, Tombstone, Arizona, 336, 343 

WtLCH Ashbel, remarks in the Biacnssion on Iron and Steel cone^idcred as Strut- 
tin ad Mate'i lak, 361 

West Virginia Blackband iron ore ou Dav!«’& Cietk, 80, 81 SpHnt coal of the 
Kanavvha Valiev, 81 

Wet-processes of copper extraction, 11-25, 27, 56, 67 

WheelsFs Surrey discontinued on the establishment of the United .States Geological 
Survey, 412. 

White and Parsons locate the Grand Central and Contention claims 337 
White Hoube, Washington, vi<<it to, 240 
White Sulphur Springs vibit to, 4, 8 
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ERRATA 

Page 460. Xu Figure ^ there should be iu'^ertod an G between M end N 
Page 469, 9th hue from top, for Black Tad reaa Blnokiad 
Page 470, 6tli line from bottom, for Jfef roriead QiMen Term 

Page 472, 6th line from top, for Blocldbail read BlaclUitl, also on page 473, ISth line from bot 
hn 

Page 472, 15th line from top, for toping read capping 












